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EASING THE 
POSTOPERATIVE 


The bacteriostasis of sulfanilamide and tissue stimulation of allantoin 


make ALLANTOMIDE, “NATIONAL,” a useful product in surgery. 


ALL convalescence from surgery was rapid, 
with no complications. the life of a surgeon 
would be an easier one. ALLANTOMIDE OINTMENT 
“Nationa”, can help to make the postoperative 
road smoother by keeping the wound ina healthy 
condition, and by promoting granulation tissue 


the convalescent period will thus be shortened. 


ALLANTOMIDE, ““NATIONAL”’, is a water-miscible 
ointment containing 10% sulfanilamide and 2% 
allantoin. Sulfanilamide, the sulfonamide of choice for local use, tends to inhibit 
infecting organisms and thus maintains a clean, healthy wound. Allantoin en- 
courages healing by promoting granulation and epithelization. It is also said to 
exert a chemical cleansing effect on necrotic tissue, permitting the sulfanilamide 
to exert its full bacteriostatic effect, although preliminary cleansing and the 
usually practiced surgical procedures are advocated. 
ALLANTOMIDE is easy to apply; does not cake nor stain. nor does it irritate tissues. 
A thick eschar is not produced, thus permitting freedom of motion. A minimum 
of sears or contractures may be expected. A variety of burns, wounds, external 
= ulcers and other conditions have been treated suc- 
=a cessfully with ALLANTOMIDE. Available in ]-ounce 


tubes. 4-ounce. 1- and 5-pound jars. Write for 


NATIONAL | 


DRUG COMPANY professional literature and samples to . . . The 
National Drug Company, Dept. P, Phila. 44, Pa. 


ALLANTOMIDE 


BIOLOGICALS, BIOCHEMICALS, PHARMACEUTICALS FOR THE MEDICAL PROFESSION 
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ONE CAPSULE SUPPLIES 
the daily Recommended Dietary Allowances* 
of vitamins A, B,, Bz, C, D, and Niacin as 
adopted by the Food and Nutrition Board, 
National Research Council. 


For DIET SUPPLEMENTATION 
CONVALESCENCE . . . THERAPY IN 
MULTIPLE VITAMIN DEFICIENCIES 


A non-préprietary name, easy to remem- 
ber. Low cost to patients—5 or 6 cents per 
capsule. Sold to druggists in bulk, you pre- 
scribe as many capsules as are deemed 
needed. 


* Recommended Dietary Allowances represent the 
combined judgment of more than 50 expects in the 
field of nutrition and are based on best available 
evidence concerning the various nutritive essentials. 


wy tie 
PS me 


On your prescriptién r 
be sure to specify Squibb 


Sons. New You’ 


5000 U.S.P. 
800 U.S.P. units 


Riboflavin 
Ascorbic Acid 5 mg. SPECIAL LITERATL 
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‘Consultation’ * 


drawing on specialized knowledge 
and experience, provides a reliable basis for judgment in meeting 
the demands of any situation. To help surgeons and operating room 
technicians on questions pertaining to sutures, Davis & Geck, Inc. offers 
counsel backed by 35 years of specialized experience. It is a service which 
thousands of surgeons and their assistants have found valuable in many im- 


portant situations. This service is further described in the following pages. 


*Enlargements suitably mounted for framing are being prepared for those who request copies. 
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D&G representatives are equipped with 
the training and experience to under- 
stand a surgeon’s suture problems and to 
provide information for their solution. 


As surgical skill and knowledge advance, it becomes in- 


creasingly evident that suture behavior is an important factor in the outcome 


of surgical procedures. 


Thus the selection and use of sutures as well as their preparation for the 


Operating room have become subjects on which surgeons, operating room 


personnel and hospital administrators are seeking more specialized informa- 


tion and authoritative counsel. 


Davis & Geck, Inc. offers such counsel. It is based on experience gained 


through 35 years of specialization in suture manufacture, and on data assem- 


bled through constant collaboration with surgeons and suture research au- 


thorities. Our research staff, production executives and field representatives 


le 
h 
n 
n 


D&G SUTURE LITERATURE is the 
most thorough source of information 
on the subject. It covers the whole range 
of suture technic, characteristics and 
methods of handling, and demonstrates 
a wealth of clinical evidence. 


PIONEER RESEARCH in every science 
that bears on sutures, chemistry, bacteri- 
ology, physiology and physics is carried 
out by D&G with the help of one of the 
best equipped research laboratories in 
the world. 


SUTURES FOR EVERY PURPOSE. The 


- D&G line comprises more than 800 dif- 


ferent sutures, from which the surgeon 
may select any suture or suture needle 
combination of known standard for any 
situation thatumay. be €ncoumsered, 


ONE OF A SERIES ON D&G SERVICES 
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are always at the disposal of surgeons and institutions with suture problems. 


In countless cases their counsel proves helpful to surgeons seeking sutures 


adapted to special technics ... to operating room technicians striving to 


improve preparation of sutures for surgery... and to hospital administrators 


wishing to make their suture inventories and buying routines more efficient. 


D&G representatives are qualified by training and experience to render a 


service to the surgical profession that makes possible the dissemination of 


full information to meet specific suture problems. 


* 


Cooperation between 
leading surgeons and the 
D&G research laboratory 
has been responsible for 
many improvements in 
suture quality and effi- 
ciency. This has been 
made possible by D&G’s 
consultation service. 


THE SURGICAL FILM LIBRARY com- 
Prising over 130 titles which show the 
technic of leading surgeons in every 
branch of surgery. These films are avail- 
able to medical schools, hospitals and 
accredited professional organizations. 


IMPROVED SUTURE STANDARDS. 
Through creating ever higher criteria 
by which suture quality and behavior 
are judged, D&G — as the largest pro- 
ducer in its field— contributes to im- 
provements in all suture manufacture. 


TO THE SURGICAL PROFESSION 


DAVIS & GECK, INC. 


57 WILLOUGHBY STREET 
BROOKLYN 1, NEW YORK 
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High-Lighting Factors Essential to Proper Suture Behavior 


Surface Finish Important to Knot Security 


Comparative tests demonstrate that the knot-holding properties of catgut sutures 
differ substantially according to the type of finish employed and the surface traction 
it affords. Therefore, while the surface should be smooth enough to allow the strand 
to pass easily through the tissue, it should not be polished so highly as to seriously 
impair surface traction. 

Research aimed at the establishment of a correct balance between smoothness 
and surface traction, led to the development of the D&G Matte Finish. This finish 
provides a satin-smooth surface with sufficient traction to cause the strand to grip 
firmly on itself when knotted. 

To the surgeon...the Matte Finish gives assurance that once tied, the knot will 


hold securely until the suture is absorbed. 


D&G 


MATTE FINISH HIGH POLISH 
provides a satin-smooth reduces knot- holding 
surface with sufficient power by as much as 
traction to hold a knot 40% with relative de- 
securely under all con- crease in knot security 
ditions. The knot fight- as demonstrated by 


ens under tension. comparative tests. 
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Trigger-Quick Response 


Instantaneous circulatory stimulation even on repeated use makes 
Neo-Synephrine a favored agent in combating hypotension. 


Particularly recommended in cyclopropane anesthesia because 
no appreciable cardiac excitation or cerebral stimulation 
accompany its exceptionally prolonged vasopressor action. 


Neo-Synep 


LAEVO © @HYDROKY © B® METHLAMINO © HYDROXY © ETHYLBENZENE HYDROCHLORIDE 


£0- 
| 


Supplied in 1 cc. ampules; and in rubber-capped vials containing 
5 cc. of sterile 1% solution. Average subcutaneous dose: 0.5 ce. 
Trade Mark Neo-Synephrine Reg. U. S. Pat. Office 


DETROIT, MICHIGAN 
NEW YORK KANSASCITY SAN FRANCISCO WINDSOR, ONTARIO SYDNEY,AUSTRALIA AUCKLAND, NEW ZEALAND 
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THIS POWERFUL GERMICIDE 
INTERFERE WITH HEALING 


After Three Days 


Beginning of Test 


N OUTSTANDING characteristic of this new non-mercurial germicide is its com- Cl 
plete lack of interference with the healing process—a fact that has been 
established both experimentally and clinically. 


Ceepryn, a quaternary ammonium salt, is a distinctive advance in the antiseptic 
field, combining exceptionally high, non-selective bactericidal activity with negli- 
gible tissue toxicity. 


Equally important are the penetrating and detergent properties of Ceepryn, 
which permit it to enter into, disinfect and cleanse folds of the mucosa and 
crevices and pores of tissue and skin. 


Ceepryn not only provides superior bactericidal and cleansing action, but is free 
from the irritating and corrosive effects of many commonly employed germicides 
such as iodine, phenol and cresol. It overcomes the chief limitations of the mer- & 
cury salts, being considerably more potent in high dilutions, more active in 
presence of organic matter, much higher in penetrating ability and significantly 
lower in toxicity. It is superior to the active chlorine derivatives both in germicidal 


activity and stability. 


. 


BRAND OF CETYLPYRIDINIUM CHLORIDE 


After Seven Days 


CLINICAL ADVANTAGES: 

e Potent, non-selective germicidal action in 
high dilution 

e Effective against wide range of organisms 

e Active in presence of serum 

e Low surface tension—penetrating and de- 
tergent 

e Low toxicity—-no mercury, iodine or phenols 

e Safe and non-irritating to tissue 

e No interference with healing 


After Sixteen Healing of Both Areas 


HOW SUPPLIED 


@ Ceepryn Concentrated Solution, 10.56% 
—180 cc. bottles 
For preparing solutions and tinctures 
of any desired strength 
@ Ceepryn Aqueous Solution (Isotonic) 1:1000 


@ Ceepryn Tincture 1:200 —pints and gallons 
—4 ounce, pints and gallons 


@ Ceepryn Tincture 1:500 (Tinted and Un- 
tinted) —4 ounce, pints and gallons 


Comparative Healing Studies on Control and Ceepryn-Treated Wounds 


The photographs record the relative healing rate of two wounds produced by removing identical 
skin areas from the abdomen of a guinea pig. In each picture, “A” is the control area which 
received no treatment, ‘“‘B’’ is the area treated by daily application of Ceepryn Aqueous Solu- 
tion 1:1000. It is apparent that the daily application of Ceepryn did not in any way retard 


healing of the wound. 


Trade Mark “‘Ceepryn” 
Reg. U.S. Pat. Off. 
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IODINE 


in wound antisepsis 


* Iodine accomplishes its ger- 
micidal action with minimal 
irritant action and without in- 
terfering with the normal heal- 
ing rate of the tissue. Clinical 
evidence collected over a long 
period shows that effective 
wound antisepsis without irri- 
tation is achieved by the use 
of proper Iodine solutions. 


Iodine is convenient and is eco- 
nomically fitted into the pre- 
operative routine. It maintains 
its effectiveness in the presence 
of foreign proteins and its ac- 
tivity is of long duration. 


IODINE 
Fee 


Iodine Educational Bureau, Inc. 
120 Broadway, New York 5, N. Y. 


* * 


The Journal of Bone 
and Joint Surgery 


The Official Publication of the 


American Orthopaedic Association 
British Orthopaedic Association 
American Academy of Orthopaedic Surgeons 


Owned and published by the American 
Orthopaedic Association 


Published Quarterly: 
JAN., APRIL, JULY, and OCT. 


The only publication in English 
dealing exclusively with bone 
and joint conditions. 


Its pages include contributions 
from recognized leaders in this 
specialty from foreign countries 
as well as from the United 
States and Canada. 


In the choice of papers for pub- 
lication emphasis is laid on the 
practical and clinical subjects. 


A journal of value to general 
surgeons as well as to those 
dealing with the problems of 
orthopaedic and traumatic sur- 
gery. 


Editor, William A. Rogers, M.D. 


8 THE FENWAY, BOSTON 15, 
MASSACHUSETTS, U. S. A. 


The Journal of Bone and Joint Surgery 
8 The Fenway, Boston 15, Massachusetts 


Please enter my subscription to ‘‘The Journal 
of Bone and Joint Surgery’’ for one year be- 


[j Enclosed find $_----- in payment. 
[) Will remit on receipt of bill. 


Subscription Price—Payable in Advance—$5.00 
in the United States; $5.25 
in Canada; $5.75 in For- 
eign Countries. 
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What Are 
THE MOST POTENT 


Androgenic Substances 


Pure synthetic testosterone propionate 
PERANDREN | 


most effective androgen for parenteral injection 


-Methyltestosterone in linguets for slow absorption 


METANDREN LINGUETS' 


*Trade Marks Reg. U. S. Patent Office. 
“Metandren Linguets” identifies the prod- 
uct as methyitestosterone of Ciba's manu- 
facture, for sublingual administration. 


PHARMACEUTICAL PRODUCTS, INC. 


© summit new sersey 
CANADIAN BRANCH: MONTREAL, QuEesec 


TOMORROW'S MEDICINES FROM TODAY'S RESEARCH 
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SURGERY 


PRINCIPLES AND PRACTICE OF 


SURGERY 


by J. TRUETA, M.D. 


Formerly Director of Surgery, General Hospital of Catalonia, 
University of Barcelona; Assistant Surgeon (E.M.S.) Wing- 
field-Morris Orthopaedic Hospital; Acting Surgeon-in-Charge, 
Accident Service, Radcliffe Infirmary, Oxford. 425 pages, 144 
illustrations. PRICE, $6.50. 


5-Point TRUETA Technic 


Prompt surgical treatment. 


. Cleansing of the wound. 
Excision of the wound. 


Provision of drainage. 


. Immobilization in a plaster-of-Paris 
cast. 


Listed above are the five essential principles in the biological treatment of 
wounds as formulated by Trueta, each and every one of which must be applied 
to ensure the greatest possible success. 


In this new book “PRINCIPLES AND PRACTICE OF WAR SURGERY,” 
Trueta sets forth in complete detail these procedures which he has adopted 
as a result of his experience in the Spanish War and in World War II. 
However the book is not confined to these methods alone, but deals fully 
with such important subjects as shock, transfusion, aerobic and anaerobic 
infections, including gas gangrene and tetanus, chemotherapy, antiseptics, 
anesthesia, skin grafting, amputation, and treatment of burns. 


Graphic illustrations such as those reproduced here supplement the text 
matter, supplying step-by-step visual guidance. You won’t want to miss 
having this authoritative text. Send for it today! 


The C. V. Mosby Company al 
3525 Pine Blvd., St. Louis 3, Mo. 


Gentlemen: Send me a copy of Trueta—Principles and Practice of War Surgery. 
Price, $6.50. 


..--Attached is my check. 


._..-Charge my account. 
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Swelling and Discolor- 
ation in Area of Incision 


Ready for 
“Public Appearance” 


Prescribed for POST-OPERATIVE SCARS 


Covermark completely conceals the discol- 
oration of post-operative scars—helps the 
patient face the world with a normal ap- 
pearance and a tranquil mind. Surgeons 
and dermatologists have long recognized 
the importance of Covermark for cosmetic 
correction of facial discolorations, whether 
permanent or temporary. The immediate 
improvement in appearance is especially 
encouraging to patients who must undergo 


an extended period of medical treatment. 


Recommend Covermark to conceal birth- 
marks, X-ray burns, vitiligo, telangiectasis, 
liver spots and tattoo marks, as well as the 
discoloration of scars, varicose veins, acne, 
lupus erythematosus, lupus vulgaris, psori- 
asis, and so forth. 


Available in all skin tones...easy to apply 
... Stays on until removed. 


COVERMARK CREAM (greaseless and waterproof ) $3, $1.25 
COVERMARK SPOT-STIK (/ight, medium, dark, suntan and brunette) $1.25 


Literature on request 


rofessional Service Department 


LYDIA O’LEARY, INC. 
ss: $51 Fifth Avenue, New York 


30 N. MICHIGAN AVENUE, CHICAGO 
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large manufacturers. In this classifica- 


In common with thousands of other 
pharmacists throughout the nation, 
Thomas Brown endeavors, at all times, 
to render a competent professional serv- 
ice. Physicians tributary to his store 
know that so far as medication is con- 
cerned their responsibility ends with the 
writing of the prescription. They can 
safely leave the rest to Pharmacist Brown. 

Although Mr. Brown’s first responsi- 
bility is compounding prescriptions, he 
also performs small-scale manufacturing. 
Many preparations can be made advan- 
tageously in his own laboratory. For 


others, however, he must depend on the 


tion are the barbiturates which require a 
wide range of equipment for production 
and control. 

Eli Lilly and Company has been prom- 
inent in the study of the barbiturates and 
is responsible for ‘Amytal’ (Iso-amyl 
Ethyl Barbituric Acid, Lilly), “Sodium 
Amytal’ (Sodium Iso-amyl Ethyl Bar- 
biturate, Lilly), and ‘Seconal Sodium’ 
(Sodium Propyl-methyl-carbinyl Allyl 
Barbiturate, Lilly), each a leader in its 
field. 

Eli Lilly and Company, Indianapolis 6, 
Indiana, U.S. A. 
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Society of University Surgeons, Nashville, Tenn.., 
Feb. 10-12, 1944 


HYPERINSULINISM 


A Report OF THE SURGICAL TREATMENT OF THREE PATIENTS 


H. GLENN Bei, M.D., Leon M.D.. 
LEELA STEVENS Craig, M.D., ann H. MceCorkie, M.D. 
San Francisco, Cauir. 


(From the Divisions of Surgery and Medicine of the University of 
California Medical School) 


HE clinical manifestations of hypoglycemia may vary in individual 

cases but usually they consist of recurring episodes of some combina- 
tion of vasomotor, gastrointestinal, neuromuscular, or mental disturb- 
ances associated with fasting, hunger, or exercise (Table I). A blood 
sugar determination below 50 mg. per cent usually is found in the 
fasting state or during an acute attack. Mild episodes disappear if the 
patient takes carbohydrate by mouth, but severe prolonged attacks asso- 
ciated with coma and convulsions may require the administration of 
glucose solution intravenously. Individual tolerance to hypoglycemia 
varies and very mild attacks may disappear spontaneously. Hyper- 
insulinism is only one of the causes of this state (Table II), and the 
other possible sources should be eliminated as completely as is possible 
by clinical and laboratory studies before a diagnosis of hypoglycemia 
caused by hypersecretion of pancreatic islet cells is made. Recently a 
considerable number of cases of hypoglycemia resulting from hyper- 
insulinism have been reported in the literature (Table IIT). 

In 1943, three patients with this condition were treated on the surgical 
service at the University of California Hospital. 


CasE 1—J. F. N., a man 57 years of age, had had, for about one year, fre- 


quent attacks characterized by vertigo, blurred vision, diplopia, weakness, sweating, 


mental confusion, and conyulsive movements. These attacks came early in the 
morning or just before mealtime, the usual duration being about thirty minutes. 


Presented at the meeting of the Society of University Surgeons, Nashville, Tenn., 
Feb. 10-12, 1944. 
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Glucose Tolerance 


Glucose Tolerance 


Glucose Tolerance 


$351 6:23:43 7:17:43 
“ Before Operation Before Operation | JOth Day after 
N resection of Islet cell 
Adenoma of Pancreas 
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Fasting Fasting Fasting 
Fig. 1 (Case 1).—Diagrams illustrating incision for exposure of the pancreas, 
location of islet-eell adenoma of the pancreas, and glucose tolerance tests taken 
before and after resection of an islet-cell tumor of the pancreas. 


Fig. 2 (Case 1).—Photomicrograph of a typical field of an islet-cell adenoma of the 


pancreas, 
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BELL ET 


AL.: HYPERINSULINISM 


TABLE I 


CLINICAL MANIFESTATIONS OF HYPOGLYCEMIA 


Sweating Occurs in attacks 
Pallor 
Tremor Related to: 
Vertigo 1. Meals—i.e., fasting 
Blurred vision; diplopia 2. Exercise 
Nervousness and weakness (especially when 
hungry) 
Fatigue, malaise, lassitude Relieved by taking CHO (unless 
Apprehension; fear severe and greatly prolonged ) a 
Mental confusion 
Dysarthria 
Disorientation Mental deterioration in long un- 
Inability to arouse from sleep in morning; treated cases 
drowsiness 
Convulsions 
Collapse, shock Individuals vary in tolerance to low 
Similarity to psychoses, neuroses blood glucose 
Irrationality; psychomotor activity; maniacal 
states 
Hunger (may simulate pains of peptic ulcer) 
Tachycardia May be aggravated by other acute 
Elevation of blood pressure conditions 
Low fasting blood sugar 


Whipple’s Triad of Symptoms in Hyperinsulinism 


1. Attacks of nervous or gastrointestinal disturbances coming on in fasting 
state associated with a 

2. Hypoglycemia with blood glucose readings below 50 mg. per cent and 

3. Relieved immediately by ingestion of glucose 


He 


the interval between the attacks. During his stay in the hospital a convulsion 


always felt well after eating. Frequent feedings with carbohydrate increased 


occurred in the early morning but was controlled promptly by the administration 


of carbohydrate. The results of fasting blood sugar determinations and glucose 


tolerance tests are seen in Table Vo and Fig. 1. Physical examination showed no 


significant findings. 


A diagnosis of hyperinsulinism was made and exploration of the pancreas was 


performed on July 6, 1943. A spherical, vascular, dark 1ed tumor, 2 em, in diameter, 


lay adjacent to the inferior border of the tail of the pancreas (Fig. 1). Its gross 


appearance was similar to that of a hemolymph node or an accessory spleen. The 


tumor appeared to be entirely encapsulated but microscopically the capsule was 


seen to be incomplete and there was a small area of attachment to normal pancreatic 


tissue. Large vascular channels traversed the parenchyma of the tumor, which con- 
sisted of cells having the appearance of those of islets of Langerhans (Fig. 2). 


The pathologist ’s diagnosis was adenoma of the islets of Langerhans. 


The patient was completely relieved of symptoms of hypoglycemia after opera- 


tion. Postoperative fasting blood sugar determinations and glucose tolerance tests 


are shown in Table V and Fig. 1. 


Case 2.—T. F., a woman 62 years of age, had had generalized convulsions for 


twelve years. Usually the episodes occurred several hours after 2 meal and often 


were preceded by nervousness, faintness, weakness, vertigo, sweating, and a feeling 


of anxiety. The interval between attacks varied from two days to three weeks. 


The patient also had a history of cholecystitis and this diagnosis had been confirmed 


elsewhere by x-ray studies. Her behavior indicated some evidence of mental 
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TABLE IL 


CONDITIONS THAt May Be ASSOCIATED WITH HYPOGLYCEMIA 


Hyperinsulinism—islet-cell tumor, hypersecretion 
Pituitary—anterior lobe deficiency 
Adrenal—cortical deficiency 
Thyroid—myxedema 

Thymus—hypertrophy of 

Liver—injury due to disease 

Autonomic nervous system—rare disorders 
Certain psychoses and neuroses—rare 
Effort—athletes 

Lactation 

Low renal threshold for glucose—and low CHO intake 


TABLE IIT 


CASES OF HYPERINSULINISM RECORDED IN THE LITERATURE 


Tumors of the Islets of Langerhans: 


Benign adenomas 
Questionably malignant (Whipple) 
Malignant tumors 

Total number of tumors 


Hypersecretion of the Islets of Langerhans: 
Hyperplasia 
‘* Adenomatous’’ hyperplasia (Orr) 
Pancreatitis 
Normal 
Not designated 
Total cases of hypersecretion 
Total eases of hyperinsulinism 


*Extrapancreatic in five cases. 
TABLE IV 


LOCATION OF ABERRANT PANCREATIC TISSUE 
(Faust AND MUDGETT ) 


LOCATION NO. OF CASES 


Stomach 95, 
Duodenum 105 
Duodenojejunal angle 2 
Jejunum 65 
Tleum Is 
Small intestine (not located) 

Diverticulum of stomach 

Diverticulum of duodenum 

Diverticulum of jejunum 

Diverticulum of ileum 

Diverticulum of small intestine 

Meckel’s diverticulum 

Diverticulum (not located) 

Umbilical fistula 

Mesentery 

Omentum 

Splenic capsule 

Spleen 

Gall bladder 

Cystic duct 

Gastrocolic ligament 

Transverse mesocolon 

Location questionable 
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TABLE V (CASE 1) 


FASTING BLOOD SuGAR DETERMINATIONS 


DATE BLOOD SUGAR (MG. %) REMARKS 
5/31/48 43 
6/18/48 55 
6/21/43 45 
6/23/45 35 
6/24/48 46 
7/ 6/438 Operation 
7/ 9/43 133 
7/17/48 8 


TABLE VI (CASE 2) 


FASTING BLOOD SuGAR DETERMINATIONS 


DATE BLOOD SUGAR (MG. %) REMARKS 
2/25/43 38 
3/12/48 38 During a seizure 
3/15/43 50 
3/26/45 40 During a seizure 
3/27/48 ol During a seizure 
3/29/43 37 
4/ 2/45 Cholecystectomy 
4/ 3/43 69 
4/ 6/43 50 
4/ 8/43 46 
4/ 9/43 49 
4/10/43 62 
4/14/43 61 
4/15/45 69 
5/ 3/43 70) 
5/20/43 69 
8/16/43 50 
9/16/45 Islet tumor removed 
9/21/43 110 
0/28/43 97 
10/ 7/48 104 
10/7 8/43 95 
11/ 7/48 109 


deterioration. 
were relieved promptly by means of glucose therapy. The fasting blood sugar 


Several seizures occurred while the patient was in the hospital and 


determinations and glucose tolerance tests are shown in Table VI and Fig. 3. 


Laparotomy was performed on April 2, 1943. A distended, inflamed gall bladder 


was removed. A large indurated mass was felt in the tail and body of the pancreas 


and the possibility of acute pancreatitis was suspected. Following the cholecystee- 


tomy no convulsive seizures were experienced but the patient continued to have 


episodes of weakness, vertigo, nervousness, and sweating. Four weeks after opera- 


tion the patient suffered pain in the right upper quadrant of the abdomen, nausea, 


vomiting, and jaundice which subsided with medical treatment. 


A second laparotomy was performed on Sept. 18, 1945. A vascular tumor 7.5 by 


5.5 by 4.5 em. was excised from the tail of the pancreas (Fig. 8). The color of the 


tumor varied from pink to deep red and purple, the capsule was intact, and the 


parenchyma was lobular with varying pattern. In many areas there were slender 
spiral cords of cubical epithelial cells with small vascular channels between them. 
In some areas the cells were closely packed and in others there were small groups of 


cells having the appearance of islands of Langerhans (Fig. 4). A few groups of 
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Glucose tolerance 
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Before cperation 


per cerl 


Hours 


Fig. 3 (Case 2).—Diagram indicating location of the tumor 


made of the islet-cell adenoma 


tolerance tests made before and after 


Fig. 


4 (Case 


Fasting Fasting 


Glucose tolerance 8:J6: Glucose tolerance 
Before resection of 11: 7:43 

pancreatic adenoma After removal of 
After Smepanyaactomy | islet cell tumor 


Hours 


and photomicrograph 
following its removal from the pancreas. Glucose 
removal of the tumor. 


2).—Photomicrograph of islet-cell adenoma of the pancreas. ( 120.) 
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islet cells apparently lay within vessels. The pathologist’s diagnosis was adenoma 
of the islet cells of the pancreas. The patient’s postoperative course was uneventful 
and there have been no hypoglycemic symptoms since the resection of the pancreatic 
adenoma. 


CASE 3.—M. &., a girl 19 years of age, had diabetes mellitus that had required 
dietary management and insulin for at least seven years. Prior to July, 1943, she 
was on a diet consisting of 125 Gm. of carbohydrate, 80 Gm. of protein, and 85 Gm. 
of fat. Her daily requirement of insulin was 37 units of protamine insulin and 
20 units of regular insulin. On this regime she felt well but occasionally had a 
reaction to insulin that was relieved by taking sugar. In July, 1943, the hypo- 
glycemic reactions became more frequent. Soon they occurred daily and within 
a week after their onset the use of insulin had been completely discontinued without 
affecting the reactions. On a diet consisting of 175 Gm. of carbohydrate, 125 Gm. 
of protein, and 150 Gm. of fat she was considerably improved but still awakened 
frequently in the early morning hours with sweating, nervousness, convulsions, and 
other symptoms characteristic of reaction to insulin. These seizures were relieved 
by taking carbohydrate in the form of cubes of sugar. Several severe hypoglycemic 
attacks oceurred while the patient was in the hospital. She recovered from each 
episode promptly when glucose solution was given intravenously. Table VIT and 
Fig. 5 show the fasting blood sugar determinations and glucose tolerance tests. The 
result of the intravenous hippurie acid test on Sept. 29, 1945, was 1.40 Gm, in one 
hour. 

Exploration of the pancreas was performed on Oct. 6, 1945. No evidence of 
tumor or aberrant pancreatie tissue could be found. The tail and body of the 
pancreas were resected to the site of the crossing of the superior mesenteric vessels 
(Fig. 5). The specimen of pancreas that was excised weighed 15 Gm. On micro- 
scopic examination the acinar tissue was seen to be somewhat pale and eosinophilic 
in some areas and there were numerous collections of large pale cells that were be- 
lieved to be either enlarged islets of Langerhans or irregulariy staining groups 
of acinar cells. In these areas the islet and acinar tissues were not differentiated 


so clearly as in normal pancreas. There also were areas in which scattered small 


islets containing spindle-shaped cells and pyknotice nuclei were seen (Fig. 6). Follow- 
ing the partial resection of the pancreas the patient returned to the condition of 
diabetes mellitus which is controlled by dietary measures and the administration 
of insulin. 

TABLE VII (CASE 3) 


FASTING BLOOD SUGAR DETERMINATIONS 


BLOOD SUGAR 
(MG. %) 
9/28/43 47 No insulin 
9/29/43 36 Green reduction During a seizure 
9/50/48 86 Orange (glucose i.v.) | During a seizure 

10/ 4/43 26 Blue 

10/ 5/438 28 Blue 

10/ 6/43 Partial resection of pancreas 

10/ 7/438 232 Orange reduction Insulin started 

10/ 8/43 Red reduction On insulin 

10/10/48 Brick reduction On insulin 

10/12/48 Green reduction On insulin 

10/16/43 Blue Insulin reaction 

11/29/48 Blue On insulin 
1/15/44 On insulin (evening dose of 

protamine insulin 
reduced ) 


DATE URINE SUGAR REMARKS 


= 


Portion of pancreas (15 grams) 


removed. 


Glucose Tolerance 
Before Operation 


11:29:43 
After Resection of 


Pancreas 


Glucose Tolerance 


After Resection of 
Pancreas (Evening 


protamine insulin reduced.) 


\ 


Aypoglycenia reaction 


Dibcaptinu Pd $f 


3s 4 Ss 
Hours 


l 1 3 


Hours 


Fasting Fasting 


Fasting 

Fig. 5 (Case 3).—Diagram illustrating the amount of pancreas removed and the 

glucose tolerance tests taken before and after partial resection of the pancreas, 

This patient had diabetes mellitus, developed hyperinsulinism, and became diabetic 
again following operation. 


Fig. 6 (Case 3).—Photomicrograph of a field showing one of the small islets of 
Langerhans and also one of the larger areas of faintly staining cells that may be 
a hyperplastic island of Langerhans. ( 120.) 
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Hyperinsulinism may be caused by tumors containing actively seeret- 
ing islet cells or by the hypersecretion of insulin in a panereas in which 


the islets of Langerhans may appear to be either normal or increased 
in size and number. Aberrant panereatic tissue (Table IV) also is a 
possible source. Rarely, hyperinsulinism has appeared in patients who 
previously had diabetes mellitus. 

The clinical manifestations of hyperinsulinism do not appear in all 
patients with tumors of the islet cells. Such tumors may be found at 
autopsy or during laparotomy for other abdominal conditions. It is 
supposed that insulin is elaborated by the beta cells of the islets of 
Langerhans and that tumors of the islet cells giving clinical manifesta- 
tions of hyperinsulinism contain appreciable numbers of these cells. 
The available methods for staining the granules supposedly typical 
of the beta (insulin producing) islet cells are not entirely satisfactory, 
however, so that, histologically, it is not possible to distinguish ae- 
curately between the active and the inactive tumors of the islet cells. 
The microscopic appearance of the cells in these tumors often resembles 
that of the cells of normal pancreatic islands of Langerhans. They 
may be arranged in cords, ribbons, or rounded masses, or may assume 
a rosette or alveolar pattern that usually surrounds a central capillary. 
The general pattern may be uniform or lobulated. The connective tissue 
stroma and the capsule vary in thickness and occasionally extensive 
fibrosis and even calcification are described. Sometimes encapsulation 
may be incomplete. Mitoses are rare in most tumors. The vascular 
channels are numerous and occasionally tumor cells are seen in them. 

It may be difficult to determine by histologic methods the malignaney 
or benignaney of tumors of the islet cells. The presence of metastases 
which usually appear in the regional lymph nodes or liver probably is 
the only positive sign of malignancy, although lack of complete enecap- 
sulation and evidence of invasion of blood vessels by tumor cells have 
been considered to be histologie evidence of possible malignaney. Hypo- 
glycemia has been induced in rabbits by injecting extracts prepared 
from active tumors of the islet cells or from the metastases from a 
malignant tumor of this type. 

The dietary management of patients with hypoglycemia consists of 
low carbohydrate, high protein, high fat food given at frequent inter- 
vals (six meals a day). Carbohydrate may be used to relieve acute 
episodes of hypoglycemia but probably should not be given frequently 
in large quantities to patients with possible hyperinsulinism because it 
increases the amount of insulin that is elaborated and also causes the 
patient to become obese. A diet high in protein and fat insures a 
prolonged and more uniform supply of available carbohydrate. In 
patients with hypoglycemia caused by hyperinsulinism, dietary regula- 
tion is not likely to be permanently successful. Because of the possi- 
bility of malignant change in the tumor, mental deterioration from 
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prolonged hypoglycemia, or injury during hypoglycemic convulsions, 
surgical exploration of the pancreas is indicated if the hypoglycemia is 
considered likely to be the result of hyperinsulinism. 

An intravenous infusion of 5 per cent glucose in water is given before 
and during the operation. A long transverse upper abdominal incision 
(such as that described by Sanders), in which the rectus muscles are 
retracted or divided if necessary, gives suitable exposure for exploration 
of the entire pancreas, but a longitudinal incision may be adequate, 
particularly if the patient is thin. Often tumors of the pancreatic islet 
cells arise in the body or tail of the pancreas, but only occasionally are 
they found in the head of this gland. Multiple tumors have been 
observed. The entire pancreas, therefore, including the posterior aspect 
of the head, should be examined carefully even though a tumor is found 
in the body or tail. Extrapancreatie adenomas of the islet cells are rare 
but always should be sought during exploration of patients with hyper- 
insulinism. 

Tumors of the islet cells are very vascular. The color varies from 
vellow or pink to deep red or purple. Usually the neoplasm is small 
(about 2 cm. in diameter), although a few larger ones have been de- 
scribed, and can be excised completely with some of the contiguous nor- 
mal pancreas. Large pancreatic ducts should be ligated if it is 
necessary to divide them during the operation. In some cases it may be 
necessary to resect a part of the pancreas (the tail, for example) m 
order to remove the tumor. The defect in the pancreas may be repaired 
with a few nonabsorbable sutures. Soft rubber drains usually are placed 
adjacent to the site of excision of a tumor or division of the pancreas, 
and are brought out of the abdomen through a small separate incision. 
If, after careful exploration, no tumor of the pancreas or evidence of 
aberrant pancreatic tissue can be discovered in cases of hyperinsulinism, 
resection of the pancreas is indicated. David demonstrated the neces- 
sity for resection of almost the entire pancreas (leaving only a very 
small part of the gland) to obtain a satisfactory result in these cases. 
Such a resection may remove enough hypersecreting islet tissue to 
relieve the manifestations of hyperinsulinism or may include small 
tumors that have been overlooked. The radical operation should not be 
done until the entire pancreas and all locations in which aberrant pan- 
creatic tissue may occur have been searched for adenoma. 


SUMMARY 


Recently three patients with hyperinsulinism have been observed on 
the surgical service at the University of California Hospital. Symptoms 
suggesting hypoglycemia were present in all three and the minimum 
fasting blood sugar determinations were considerably below 50 mg. 
per cent. Solitary tumors of pancreatic islet cells were excised from 
the region of the tail of the pancreas in two of the patients. In one of 
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these the tumor was almost completely extrapancreatic. Its gross ap- 
pearance was similar to that of an accessory spleen or hemolymph node 
and although it was adjacent to the inferior aspect of the pancreas, its 
attachment to this organ was apparent only on microscopic examination 


of the specimen. 

The third patient was known to have had diabetes mellitus for 
seven years. Episodes of hypoglycemia appeared and became progres- 
sively more frequent and severe over a period of a few weeks. At 
operation no evidence of tumor or aberrant pancreatic tissue could 
be found. A partial resection of the pancreas was performed. The 
condition of diabetes mellitus recurred following the operation and 
subsequently the patient has remained diabetic. Pathologie examination 
of the part of the pancreas excised showed alterations in the staining 
of the tissue suggesting the presence of islets of Langerhans that were 
increased in number and size. 
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THE IMPLANTATION OF THE PANCREATIC DUCT INTO 
THE GASTROINTESTINAL TRACT 


EXPERIMENTAL AND CLINICAL Stupy* 


Epear J. Potu, M.D., Pu.D., GaLvesron, 


(From the Department of Surgery, Stanford University School of Medicine, San 
Francisco, and the Experimental Surgery Laboratory and the Department of 
Surgery, The University of Texas Medical Branch, Galveston) 


NY discussion of the reimplantation of the panereatie duets ecan- 
A not be more appropriately opened than by the quotation of the 
short descriptive paragraph by Halsted (1899)! narrating the first sue- 
cessful, recorded instance of the operative removal of a carcinoma of 
the ampulla of Vater performed on Feb. 14, 1899. 

To give the growth a wide margin, a large piece of duodenum was excised, 

a wedge-shaped piece with the apex at the mesenteric border of the intestine. 
About three-quarters of an inch of the common duct and a shorter piece of 
the pancreatic duct were excised. The wound in the duodenum was closed 
in the usual way with mattress sutures. This was practically an end-to-end 
anastomosis of the duodenum. The common duct and pancreatic duct were 
transplanted into the duodenum along the line of suture. 


In the preceding vear, Codivilla (1898)? excised the duodenum and 
the head of the pancreas in a one-stage procedure similar to that used 
by Trimble, Parsons, and Sherman in 1941.2. The pancreatie duet was 
ligated. No attempt was made to re-establish the communication be- 
tween the gland and the gastrointestinal tract. A two-stage method 
was suggested by Sauvé in 1908,* but the present interest in the surgery 
of the pancreas followed the description of a two-stage operation by 
Whipple, Parsons, and Mullins in 1935,° with a report of three applica- 
tions of the procedure. A brief summary of these developments is pre- 
sented by Gray and Sharpe (19438).° In these procedures, the pan- 
creatie duet was merely ligated without attempting to re-establish 
drainage of the external secretion of the gland into the alimentary 
tract. 


Exelusion of the external secretion of the pancreas per se from the 
alimentary tract does not always result in disturbances of fat digestion. 
Neither has deposition of fat in the liver been constantly observed 
following atrophy of the acinar tissues ef the pancreas. The ineon- 
sistency of these manifestations cannot always be explained and has led 
to confusion as well as conflicting opinions. Much of this confusion 
probably has arisen because of slight, unrecognized differences in ex- 


Presented at the meeting of the Society of University Surgeons, Nashville, Tenn., 
Feb. 10-12, 1944. 


*A large portion of the experimental work was done while the author was a 
Fellow of the National Research Council in Medicine, 1932-54. 
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periments presumed to be identical or because of the possible presence of 
aberrant pancreatic tissue. MacCallum, in 1909,’ pointed out some 
difficulties to be encountered even when complete ablation of the pan- 
creas is attempted. This view is best stressed by direct quotation : 


... Nor was the result of the operation for the extirpation of the pancreas 
an absolutely clean one, for at the autopsy there were found about the 
duodenum two minute fragments of pancreatic tissue in good state of pres- 
ervation and evidently undergoing hypertrophy. The larger of these was 


> 


about 3 mm. in diameter, and had apparently reformed itself about the 
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Fig. 1.—Implantation of biliary ducts. A, A simple assembly to be used as a 
cannula for reimplanting biliary ducts into the bowel. 8B, Illustrating the cannula 
tied into the duct. The traction sutures are threaded onto a long straight needle. 


stump of the duet. The other much smaller fragment had grown in the sub- 
stance of the wall of the intestine so as to have been quite inaccessible at 
the time of operation. This minute fragment, too, sent duct-like structures 
into the intestinal mucosa, but such infinitesimal portions of a large organ 
like the pancreas seem hardly sufficient to obscure the results of the experi- 
ment. Indeed, they were discovered only by microscopical examination, It 
would be necessary, however, in order to prevent such an occurrence, to 
resect the portion of the intestine with which the pancreas comes into 
relation. ... 

The condition of the stools is, however, of interest, for although for a 
time after the extirpation of the secreting portion of the pancreas, they 
became very voluminous and on certain days consisted almost entirely of fat, 
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they later became quite normal in appearance. During the whole of the last 
two weeks of the animal’s life, the food consisted of beefsteak which con- 
tained a good deal of fat; but although there were sometimes evidences of 
incomplete digestion of the beef, the stools did not again assume the vaseline- 
like consistency which they showed a short time after the extirpation of the 
pancreas. One receives the impression that here, too, a compensatory process 
is brought about, through which the fat-splitting action of the pancreatic 
juice is gradually replaced by a similar ferment produced elsewhere, probably 
in the intestine itself. 


sutures | 


Fig. 2.—Implantation of biliary ducts. A, Illustrating the passage of the traction 
sutures through the opening in the bowel and out on the opposite side. In practice, 
the traction sutures are not passed until after the closing mattress sutures shown in 
B have been placed. The continuation of the incision in the bowel down to the sub- 
mucosa only is covered by the cannula and is not visible. 

B, Showing the cannula and duct drawn into the bowel. The traction sutures have 
been cut short and allowed to retract into lumen of the bowel. This last step is 
best done after the mattress sutures have been tied as in C. 


C, The completed anastomosis. D, Demonstrating the procedure when the duct is 
a segment of bowel. Two purse-string sutures close the 

Experimental Reimplantation of Pancreatic Ducts Into the Alimen- 
tary Tract.—In 1933 I applied a procedure for the anastomosis of the 
biliary ducts and bowel® (Figs. 1 and 2) to the transplantation of the 
pancreatic ducts experimentally to various levels of jejunum and ileum 
of the dog (Fig. 3). It was found that the pancreatic duct invariably 
erew into the new site and remained patent with free delivery of pan- 
creatie secretion into the bowel. In addition, however, a strong tend- 
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ency existed for the duct system to re-establish its anastomosis into the 


duodenum at the site of the original entrance of the duct of Wirsung. 
Even though the defect in the duodenal wall was inverted with silk 
and omentum was placed between the duodenum and pancreas at this 
point, it was found that not only had the duct grown into the bowel 
at the point of reimplantation, but that one of the small branches of 
the duct had grown into the duodenum to re-establish this opening 


at the duet at into 
distal ileum. The pancreas is normal microscopically. 

with the result that the external pancreatic secretions entered at both 
sites. In addition, the duct of Wirsung was resected and ligated, and 
the intramural portion of the duct was excised with a wedge of 
duodenum. The incision in the duodenum was then closed with inter- 
rupted, fine, black silk in two layers. The duct of Santorini was not 
disturbed. Two weeks later the experiment was terminated and the 
pancreatic ducts cannulated in the tail of the gland and injected with 
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India ink. The duct of Wirsung had reestablished its communication 
with the duodenum at the site of the closure in one-half of the experi- 
ments. 

Following these transplantations, the pancreas might be soft and 
entirely normal, or it might be somewhat indurated and show some 
fibrosis. If the stoma where the duct was implanted into the bowel 
was examined and found to be somewhat indurated and not covered 
by pliable, normal mucosa, the pancreas would be firm and _ fibrotic. 
In those instances where the pancreas was of normal consistency, the 
outlet was soft and the mucosa grew to the very edge of the opening. 
This latter arrangement prevented the reflux of intestinal contents up 
the pancreatic duct system during periods of increased intraintestinal 
pressure accompanying peristaltic contractions. In an attempt to 
ensure an efficient check-valve of mucosa at the stoma, the duet was 
carried through the bowel wall diagonally to form a channel a few 
millimeters long just on the submucosa, and the duet was firmly tied 
to the shaft of the cannula just behind the flange. This tie prevented 
leakage of digestive ferments into the anastomotic bed by directing 
the pancreatic secretions through the stem of the cannula beyond the 
flange. This procedure permits healing with a minimum of necrosis 
of the tissues of the anastomotie bed and subsequent sear formation and 
contracture (Fig. 4). 

The x-ray reproduced in Fig. 3 is that of a panereas the duct of 
which was injected with a BiOCL suspension’ one month after the 
experimental transplantation of the duct of Wirsung into the ileum. 
The pancreas was normal both macroscopically and microscopically. 

Application of Procedure to the Transplantation of the Pancreatic 
Duct in Man.—Reeently the opportunity presented itself for the use of 
this method in the implantation of the pancreatic duct following resec- 
tion of the head of the pancreas. 


CASE REPORT 


W. E. W. (J. 8S. H. No. 83490), a white man, aged 72 years, was first admitted 
to the John Sealy Hospital on Sept. 29, 1943, complaining of biliary fistula since 
an operation performed elsewhere on March 17, 1943. For thirty years the patient 
had not eaten rich pastries or fatty or highly spiced foods because of indigestion 
and pain characteristic of cholecystitis with cholelithiasis—no jaundice. Suddenly 
chills and fever were experienced, February, 1943, followed by visible jaundice two 
days later. On March 25, 1943, the eighth postoperative day, the wound disrupted 
and a biliary fistula developed. On several occasions the fistula ceased draining, 
accompanied by chills, fever, and jaundice. 

Physical Examination.—Temperature, 98.6° F.; pulse, 78; respirations, 18; blood 
pressure, 110/74. 

There were no significant abnormalities found in the course of the general 
physical examination except a sinus 2 em. below the costal margin and 5 em. to 
the right of the midline draining golden yellow bile, and bilateral, complete, in- 
direct, inguinal hernia. The patient was slightly jaundiced, 
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Laboratory Studies.— 

Blood: Hemoglobin, 16.6 Gm.; red blood cells, 5.1 million; white blood cells, 
10,200; differential, polymorphonuclears, 78; lymph, 22; prothrombin time, patient, 
1 minute; control, 58 seconds; coagulation time (Lee & White), 5 minutes; bleeding 
time, 3 minutes; glucose, 98 mg. per cent; ichteric index, 36. 

Urine: Specific gravity, 1.016; alkaline reaction; albumin, negative; sugar, nega- 
tive. Microscopic examination negative, urobilinogen negative. 

Stools: Negative for bile. 

Roentgenologic Examination: Gastrointestinal x-ray series, negative. Flat plate 
of abdomen, negative. 

Operation.— 

Preoperative Diagnosis: Biliary fistula, common duct obstruction, 

Operative Diagnosis: Biliary fistula, common duct ‘carcinoma prob- 
ably arising from the common duct in the head of the pancreas; multiple adhesions. 

Operation: Oct. 8, 1943, Exploratory laparotomy; division of multiple adhesions, 


between the stomach, gall bladder, liver and duodenum; partial resection of stomach ; 
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Fig. 4.—Modified from drawings made in 1933 for the experimental implantation 
of the duct of Wirsung of the dog into the jejunum and ileum. 

A, Small silver cannula used in the transplantation. 

B, A schematic illustration of the pancreas and its duct system in the dog. 

C, The duct of Wirsung is resected and the intramural portion of the duct is 
excised. 

D, The duodenum is closed transversely, and the traction sutures have been placed 
in the cut end of the duct and passed through the flange of the cannula. 

E, The traction sutures are shown passed through the incision in the bowel and 
on out the opposite wall. Hi, The cannula placed in the duct and retained by tying 
the traction sutures. <A circular tie is placed just behind the flange of the cannula. 
Ee, The incision in the bowel is made to place the duct just outside the submucosa 
and lie in a short tunnel in the wall of the ileum. The purse-string suture is so 
placed in the submucosa as to close it snugly around the duct just behind the flange 
of the cannula. This manipulation should serve to exclude the pancreatic secretions 
from the anastomotic bed and bring the mucosal surfaces of bowel and duct into 
close apposition. 

F, The completed operation and a detailed illustration of the path of the duct and 
cannula through the wall of the bowel. 
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resection of duodenum; resection of the head of the pancreas; resection of approx- 
imately eighteen inches of proximal jejunum; resection of biliary fistula, cholecysto- 
jejunostomy; section and ligation of common bile duct; transplantation of pan- 
creatic duct into the jejunum, gastrojejunostomy (Fig. 5). 

Procedure.—Through a transverse incision extending from the midline halfway 
between the xiphoid process and umbilicus and extending laterally to the right to 
include the biliary fistula, which was developed by dissection down to the gall 
bladder, this patient was explored. Immediately very dense adhesions were en- 
countered, the division of which consumed considerable time. The common bile 
duet, approximately 3144 cm. in diameter, was identified. No masses could be pal- 
pated in the gall bladder or common duct down to the point where it entered the 
head of the pancreas. The tail and body of the pancreas appeared normal. The 
head of the pancreas was involved in a mass approximately 6 em. in diameter. 
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Fig. 5.—Resection of the head of the pancreas with reimplantation of the pan- 
creatic duct. 

A, The completed operation as performed on W. E. W. 

B, The schematie illustration of A. 

C, The schematic representation of a suitable procedure when only a_ portion of 
duodenum and no jejunum are excised. The pancreatic and biliary ducts are im- 
planted into the jejunum and the gall bladder is drained during the immediate post- 
operative period. 

D, Showing the capsule of the pancreatic stump closed and the silver cannula 
being placed in the duct. 

E, The cannula is tied in place, the traction sutures are threaded onto a straight 
needle, the capsule of the pancreas is sutured to the jejunum posteriorly, and the 
purse-string suture has been laid down in the jejunum. 

F’, A detailed illustration of the cannula and duct in cross section. 

G, The cannula and duct have been hauled into the anastomotic bed, the purse- 
string has been tied, the anterior edge of the capsule of the stump of pancreas has 
been sutured in place, and the bowel is being deformed by pressure with a clamp to 
allow the traction sutures to be cut short. 

H, A detailed cross section of the cannula and duct as retained in the jejunal wall. 
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-ancreatic tissue overlying this mass, however, appeared normal, The mass was 
stony hard. A small lymph node of normal consistency was removed. <A frozen 
section failed to show any evidence of metastasis to this gland. After mobiliza- 
tion of the duodenum and approaching the pancreas from behind, it was obvious 
that the head of the pancreas was involved in a carcinomatous growth, and resec- 
tion was undertaken following the procedure outlined by Pearse.10 The stomach 
was resected 10 em, proximal to the pylorus. The duodenum was then developed 
and approximately one-third of the pancreas was resected. In resecting the pan- 
creas, its capsule was incised and the lobules of pancreas were separated by blunt 
dissection. Vessels were clamped and tied with fine black silk, In this manner, 
it was possible to identify the pancreatic duct, and it was developed for a distance 
of about 1 em. After double ligation, the duet was divided. The silk suture on 
the pancreatic duct was left long for subsequent identification. The common bile 
duet was closely adherent to the pancreas and was approximately 144 em. in diam- 
eter at this point. The common bile duct was clamped, divided, and triply ligated 
with No. 1 braided black silk. These ligatures were carefully placed with a graded 
amount of pressure from the proximal to the distal tie with the hope that they 
would not cut through with resulting biliary drainage, because it did not appear 
feasible in this instance to anastomose the common bile duct with the bowel.  Re- 
maining very close to the duodenum in order not to damage the superior mesenteric 
vessels, its dissection and development was continued down beyond Treitz’s liga- 
ment. The defect in the transverse mesocolon was closed after the duodenum and 
resected portion of the stomach had been brought down through the opening. 
Approximately eighteen inches of jejunum were resected in order that the distal 
jejunal segment could be brought anterior to the transverse colon and sutured to 
the end of the gall bladder. 

The pancreatic duct was then implanted into the jejunum, Holding the pan- 
creatic duct over the index finger, it was divided through one-half of its diameter. 
Two fine arterial traction sutures of 5-0 Deknatel silk armed with a needle on each 
end were placed in the opposite cut edges of the duct and these sutures were 
threaded through holes in the flange of a small silver cannula. The shaft of the 
‘annula was then inserted into the duct with the aid of the traction sutures which 
were securely tied to retain the cannula in the pancreatie duct. These sutures were 
left long and were to be subsequently threaded onto a large-eyed needle to serve 
as traction sutures to haul the cannula and the pancreatic duct into the site selected 
for its implantation, A circular tie of fine black silk was placed around the pan- 
creatic duct just behind the flange of the cannula. It was immediately evident 
that pancreatic secretions were flowing from the end of the cannula. The cut 
edges of the pancreas were now proximated with interrupted fine black silk sutures 
to within 1 cm. on either side of the pancreatic duct. The site for implantation 
of the duct into the jejunum was selected to avoid any tension between the gall 
bladder and pancreas. A purse-string suture of No. 000 braided Deknatel silk 
was placed in the jejunum on the antimesenteric border at the site selected for 
the implantation of the pancreatic duct. The capsule along the posterior edge of 
the pancreatic stump was sutured to the jejunum with interrupted fine black silk 
sutures. An opening was now made into the jejunum just large enough to admit 
the flange of the cannula. The traction sutures previously prepared and threaded 
onto a long straight needle were carried through the opening in the jejunum and 
out through the opposite wall of the bowel. Traction on these sutures served to 
draw the cannula and pancreatic duct into the site of anastomosis. The purse- 
string suture was now pulled up firmly and tied, retaining the pancreatie duet in 
its anastomotic bed. The anterior edge of the capsule of the pancreatic stump 
was now sutured to the jejunum with interrupted fine black silk, thereby bringing 
the pancreatic stump into close apposition with the jejunum, Gastrojejunostomy 
was performed, care being again taken that there be no tension between the pan- 
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creatic stump and the gastric anastomosis. After placing 5 Gm. of sulfathiazole 
powder, suspended in normal saline solution, in the peritoneal cavity, the abdomen 
was closed, a single Penrose drain having been placed so as to pass behind the 
anastomosis between the jejunum and gall bladder and extend up to the neighbor- 
hood of the common duct. Silk was used throughout this operation. The entire 
operative procedure consumed seven and one-half hours, during which time the 
patient received 500 ¢.c. of 10 per cent glucose in normal salt solution intravenously, 
followed by 500 ¢.c. of citrated, whole blood, 

Pathologic Diagnosis.—Carcinoma arising from duct epithelium and infiltrating 
the adjoining wall of the duodenum and the pancreas. Tumor of low-grade malig- 
nancy. Hyperplastic lymphadenitis, 

Postoperative Course.—The patient did unusually well. Wangensteen suction 
was applied for nine days, 200 Gm. of intravenous amigen daily for four days, 
then 100 Gm, daily for an additional five days, as well as 200 Gm. of intravenous 
glucose daily. 

Temperature elevation averaged about 1° F. for nine days and then returned 
to normal, 

A mild degree of jaundice continued for ten days postoperatively. 

The position of the silver cannula was observed by x-ray daily. It disappeared 
from the site of anastomosis on the thirteenth postoperative day. Healing occurred 
per primam and the patient was allowed up twenty-one days after operation and 
dismissed ambulatory, Nov. 5, 1943. 

At no time during the postoperative course was glycosuria observed. The blood 
sugar concentration was normal, 

The stools contained no neutral fat, and aspirated gastrie contents showed 
trypsin to be present by the technique of Schmidt.11* 

The patient was well four months after operation. 


DISCUSSION 


The reimplantation of the pancreatic duct into the alimentary tract 
has been done for a considerable time, but the practice has been either 
experimental or an unusual incidental accomplishment which was con- 
sidered of little real value until the recent importanee assumed by 
surgery of the pancreas stimulated by the work of Whipple and _ his 
co-workers,’ Brunschwig,'? and a number of subsequent workers’ re- 
ports. 


It is interesting to note the change in attitude toward the importance 
of the preservation of the pancreas to avoid atrophy, especially of the 
islet cells.1° Even if these changes could be tolerated by man, the 
practical importance of avoiding the troublesome postoperative develop- 
ment of pancreatic fistulas makes it highly desirable that a dependable 
procedure be established to secure drainage of the external secretions 
of the pancreas into the alimentary tract. This would serve not only 
to ensure a more normal digestion, but also to protect the gland against 
atrophie alternations involving the hormonal secretions. 

In 1935, Whipple, Parsons, and Mullins made the following state- 
ment: ‘‘We can form no idea of the number of unpublished cases in 
which it (the reimplantation of the head of the pancreas or duct) has 


*The observations on trypsin were made by Dr. H. H. Sweets of the Department 
of Pathology. 
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been tried and resulted fatally, but it has seemed to us, because of the 
digestive action of the pancreatic ferments, that the hazard of the 
operation is too great to be advocated.’? Whipple’s re-evaluation, in 
1943,'° of the importance of the preservation of the pancreas after eight 
years additional intrinsic interest and experience in surgery of this 
gland is as follows: 

Beeause of the variable findings in both experimental animals and in man 
with the pancreatic juice excluded from the gastro-intestinal tract, it seemed 
to me that the technic of radical pancreaticoduodenectomy should be changed 
so as to re-establish the flow of pancreatic juice into the jejunum, in order 
to improve the existing impaired fat digestion of these patients in whom the 
flow of pancreatic juice had been blocked for varying intervals, and also to 
avoid the very annoying complication of a pancreatic fistula which so fre- 
quently follows the exclusion operation. The jejunum is considered preferable 
to stomach because of the neutralizing effect of gastric juice on pancreatic 
ferments. 


In contradistinetion to this view, Brunschwig! points out that evi- 
dence to date indicates that some patients absorb normal quantities of 
fat, have normal stools, and do well without pancreatic juice entering 
the gastrointestinal tract. 

It is hoped that the technical procedure for the implantation of 
pancreatic ducts into the bowel described in this communication may 
remove the obstacle mentioned by Brunschwig (1948), quote: he 
successful anatomic implantation of the pancreatic stump into bowel 
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in man has not yet been demonstrated to afford normal or appreciable 
secretion of pancreatic juice into the bowel.”” 

In comparison to the case presented earlier in this communication, 
the following abstract is given. 


CASE ABSTRACT 


E. A. H. (J. S. H. No. 78453), white man, aged 55 years, was first admitted 
to John Sealy Hospital Oct. 26, 1942, complaining of painless jaundice of three 
months’ duration. Previous history was noncontributory. An enlarged distended 
gall bladder was palpable. There was roentgen evidence of mass pressing into 
duodenum. 


Laboratory Data.— 

Blood: Red blood cells, 3.66 millions; hemoglobin, 64 per cent; white blood cells, 
10,500; 82 per cent polymorphonuclears; 13 per cent lymphocytes; 3 per cent mon- 
ocytes; 2 per cent eosinophiles; Wassermann reaction negative; nonprotein nitrogen, 
29.6; icteric index, 200; blood cholesterol, 550 mg. per cent; prothrombin time, 
1 min. 45 sec.; control, 55 seconds. 

Urine: Specific gravity, 1.011; reaction, alkaline; albumin, 1 plus; negative 
sugar; urobilin and urobilinogen negative. 

Stools: No parasites; acholic; moderate amount of fat. 


Diagnosis.— 


Common duct obstruction; carcinoma of lead of pancreas. 
Operation.— Novy. 2, 1942, operation was performed using the procedure of Her- 
man Pearse,10 partial gastric resection, resection of head of pancreas, ligation of 
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pancreatic duct (exclusion), ligation of common duct, resection of duodenum, resec- 
tion twenty inches proximal to the jejunum, cholecystojejunostomy, gastrojeju- 
nostomy. Silk was. used throughout. 

Pathologic Diagnosis.—Adenocarcinoma of the pancreas. 

Postoperative Course.—The patient did well until the third postoperative day, 
when he complained of sudden epigastric pain and temperature rose to 104° F.; 
on the following day pancreatic drainage from the wound was evident. Pan- 
creatic secretions collected quantitatively for a period of five months and varied 
from 500 to 1,500 ¢.e. daily. 

The carbon dioxide combining power was 30 to 40 volumes per cent. 

Although this patient lived for five months and took food quite well until the 
last month of life, he did poorly, was dehydrated, failed to gain weight, and econ- 
tinued bedridden. There was no diarrhea or fatty stools, Stools were brown and 
jaundice cleared promptly following operation. For the last month of survival, 
the patient had abdominal cramps with moderate distention and occasional vomit- 
ing. Gastrointestinal series did not show evidence of obstruction. March 10, 1943, 
five months and eight days after operation, the patient died shortly following 
pulmonary embolism. Autopsy was not permitted. 


In this instance there was no apparent difficulty regarding fat diges- 
tion, but the loss of fluids and alkalies in the pancreatic secretions un- 
doubtedly contributed greatly to this patient’s unsatisfactory con- 
valescence. 


The manner of panereatie duet stoma obtained following reimplanta- 
tion will, no doubt, depend to a degree on the type of healing secured. 
One should expect a poor result following the rather difficult procedure 


outlined by Coffev'’ in his experimental implantation of the entire 
stump of the pancreas into the gastrointestinal traet. Placing the end 
of the pancreas into such an abnormal environment will undoubtedly 
result in extensive scarring and induration about the outlet. The very 
simple technical procedure described by Cattell'® is readily performed, 
but it carries with it the danger of immediate leakage of digestive fer- 
ments between the stump of the gland and the raw bed made in the 
wall of the bowel before the necrosing suture cuts through the sub- 
mucosa of the bowel, which might on occasion result in extensive de- 
generation of tissue with necrosis and much sear formation at the 
immediate site where primary healing is desired. Just how much 
damage will result to the pancreas from reflux of bowel contents into 
its duct system is problematical. It would seem desirable, however, to 
obtain the best possible union of the duet and bowel, with preservation 
of normal bowel mucosa immediately surrounding the stoma, and it is 
felt that the procedure deseribed in detail in this communication will, 
since the digestive ferments are diverted away from the healing bed, 
give a suitable stoma without imposing a too difficult and timecon- 
suming techincal procedure. In facet, the introduction of the small 
eannula and the implantation of the duct is relatively easily aecom- 
plished. In 1917 Patrie and Vale described an experimental proce- 
dure by whieh the pancreatic duct was transplanted into various levels 
of the bowel. 
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Since the panereatic duct has such a pronounced tendency to 
reanastomose with the bowel of the dog, it is suggested that this same 
event might occur in the human being, especially where the stump of 
the excluded pancreas lay near the line of suture between stomach and 
jejunum. It is suggested, therefore, that the gastric and jejunal con- 
tents be studied for trypsin to ascertain if such spontaneous anastomoses 
or internal fistulas have occurred in some of the patients following the 
exclusion operation of resection of the head of the pancreas. 


SUMMARY 


An experimental method for the implantation of biliary and pan- 
ereatic ducts into the gastrointestinal tract is presented in detail with 
a deseription of the tendeney shown for spontaneous reanastomosis of 
pancreatic ducts and bowel in dogs. 

A detailed description of the successful application of this procedure 
to man is given, and the importance of protecting the pancreas from 
atrophy is discussed. It is concluded that a procedure ensuring the 
successful re-establishment of drainage from the external pancreatic 
secretion with the alimentary tract and prevention of pancreatic fistulas 
is a required part of partial resections of the pancreas. 
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THE SURGICAL MANAGEMENT OF DUODENAL DIVERTICULA 


HeRMAN E. M.D., Rocuestrer, N. Y. 
(From the Department of Surgery, University of Rochester School of 
Medicine and Dentistry) 


EVERAL years ago I saw a patient in whom another surgeon had 

excised the common bile duct while removing a diverticulum of the 
second part of the duodenum. This made such an impression that 
the literature was studied in an effort to find out how such an accident 
might be avoided. No completely satisfactory method was found so a 
procedure was planned that appeared to give assurance of safety to 
the ducts. Recently an opportunity was offered to test this and it 
worked so well that it is reported. 

Mletcher and Castelden® describe primary duodenal diverticula 
follows: ‘* They never arise in the first portion, are seen occasionally 1 
the third and fourth portions but in the large majority of instances (75 
per cent) are found springing from the concave inner aspect of the de- 
scending limb, never far from the ampulla of Vater, and lying in close 
relationship to the head of the pancreas.’’? They have an incidence of 
from 0.16 to 3.8 per cent in different reports':?* °° 78 of x-ray and post- 
mortem examinations. In Morton’s?® review of the cases operated upon, 
65 per cent of the single, primary diverticula were in the second part 
of the duodenum where danger to the ducts is involved. 


INDICATIONS FOR OPERATION 


There is much discussion in the literature about the need of operation 
in primary duodenal diverticula. Certainly most of them do no harm 
and should be left alone. A few (5 per cent in our series) cause defi- 
nite symptoms which require surgical intervention. Morton®* says that 
“There is justification for surgery of duodenal diverticula upon the 
following grounds”’: 

A. Mechanical 


1. Symptoms from stasis in the diverticulum 

2. Symptoms from obstruction of the biliary tract, pancreas, or duodenum 
Bb. Inflammatory 

1, Primary diverticulitis or perforation 

2. Secondary inflammation of the biliary tract, pancreas, duodenum, or 

retroperitoneal tissues 

C. Neoplastic change 


There is no question of the need for surgery if inflammation in the 
diverticulum causes gangrene, perforation, or peritonitis as in the ceases 


Presented at the meeting of the Society of University Surgeons, Nashville, Tenn., 
Feb. 10-12, 1944. 
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of Boland, Beaver,’ Monsarrat,?° and others. Nor is there hesitation 
if tumor develops, such as is recorded by Mendillo and Koufman’® or 
Morrison and Feldman.*?. But debate or disagreement occurs when the 
diverticulum is causing symptoms from stasis alone. It is improbable 
that it can cause trouble if it empties easily and drains well. There- 
fore, the first information desired is whether or not x-ray study shows 
barium trapped in it. If barium is retained and especially if localized 
tenderness is present at this time, then it may be suspected as the cause 
of the symptoms. If there is stasis in the diverticulum and associated 
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Fig. 1.—The best exposure of a diverticulum of the third part of the duodenum is 
usually obtained by dividing the mesocolon, retracting the superior mesenteric vessels, 
and elevating the pancreas. The appreach through the gastrocolic omentum was also 
found to be satisfactory in one of our cases (R. D. No. 104466). 
inflammation of the biliary tract or pancreas, the diverticulum may be 
responsible. A more difficult question is whether stasis in a duodenal 
diverticulum may cause symptoms in the presence of gallstones. Me- 
Quay'® reports a case in which a ealeulous gall bladder was removed 
without excising the diverticulum in which relief was not obtained. 
Lueinian’s'® patient, who had a cholecystectomy for stones, ‘‘was re- 
lieved from pain and distress for a short period after operation but these 
returned, identical in intensity and character.’’ She was cured by ex- 
cision of the duodenal diverticulum. From these eases and from theo- 
retical considerations, it seems desirable to excise at the time of choleeyst- 
ectomy a peri-Vaterian diverticulum which is the site of stasis. 
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OPERATIVE MANAGEMENT 


If operation is decided upon, what is the best method of attack? In 
some instances the indirect approach by gastroenterostomy has been 
made. This is probably justifiable only with multiple diverticula which 
cannot be removed. Guthrie and Brown'! and MeQuay'® report cases 
in which gastroenterostomy was done previously without relief and in 
which the authors cured the condition by disconnecting the anastomosis 
and excising the diverticulum. On the whole, gastroenterostomy ap- 
pears to evade the issue. 


signs of inflammation on pathologic examination. 

The excision of diverticula of the third or fourth parts of the duo- 
denum presents no particular problem except adequate exposure. The 
first operation reported in this country by Basch? was done by dividing 
the mesocolon. Later Maclean’* and others have used this approach. 
The superior mesenteric vessels are retracted to the left and the pan- 
creas elevated as shown in Fig. 1. Diverticula of this part of the duo- 
denum may also be exposed by dividing the gastrocolic omentum and 
approaching them through the lesser omental sae. 

Diverticula of the second part of the duodenum are the commonest 
to require operation, yet are the hardest to remove safely. They are 
hidden in a retroperitoneal location behind the pancreas and medial to 
the duodenum (Fig. 2). Some surgeons have dissected through the 
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pancreas or have separated the pancreas from the duodenum, both of 
which paths may give bleeding and the possibility of pancreatic leak- 
age. Maclean’ describes a method of opening the duodenum, inserting 
a finger into the diverticulum and cutting down onto it through the 
pancreas. The most commonly used approach is by mobilization of the 
duodenum medially and rolling the diverticulum out from behind it. 
This is an avascular and a traumati¢ method which is very satisfactory 
but after this is done the hazards of the operation have just begun. 
Yet in the literature this usually ends the description and the words, 
‘‘sae exeised,’’ ‘‘stalk ligated, divided, and inverted,’’ are used to 
describe what is done to complete the operation. The dissection of 
tissue off the neck of the sac or its excision may injure the pancreatico- 
duodenal vessels, the pancreatic duct, or the common bile duct. Also 
the closure of the duodenum may damage or obstruct these structures. 
So it appears that these steps in the operation are the ones that most 
deserve study and they are the ones emphasized in the procedure 


deseribed. 


Fig. 3.—1. Shows the incision in the posterior peritoneum to the right of the 
duodenum used for mobilizing the loop to the left. The location of the diverticulum 
behind the pancreas is indicated. 

2. The duodenum is held by stay sutures after it is rotated medially. 
The diverticulum has been freed by gentle traction and dissection and is held up on 
the right side of the bowel. 


TECHNIQUE OF OPERATION 


The abdomen is opened through a right rectus incision. The pos- 
terior peritoneum to the right of the duodenum is incised as is shown 
in Fig. 3, 7, and the duodenum mobilized to the left. This peritoneal 
incision may be lengthened to allow complete rotation of the duodenum 
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if desired (restoration of embryologic position). Stay sutures are 
placed at the top and bottom of the loop and as it is rotated the wall 
of the diverticulum is presented. This is picked up and by means of 
gentle traction combined with dissection the diverticulum is drawn 
out to the right of the duodenum (Fig. 3 2). There may be attach- 
ments of thick tissue at the neck of the sae which are best left alone 
until later. The outer part of the sac is thin walled, therefore it can 
be inspected easily and then cut down the middle to within about one- 
half inch of the duodenal wall with safety (Fig. 4). If there is any 
doubt of this, transillumination can be used to look for any thickening 


her oo aga it is freed of surrounding structures. Duct injury is avoided by this 
in the sac. Now one can look into the duodenum and try to locate the 
opening of the ampulla of Vater if desired. Whether or not it is seen, 
it is now safe to free the neck of the sae from the adjacent structures 
for the surgeon can transilluminate the wall, look on the inside and 
outside of the wall as he works, or put a finger in the neck of the sae 
and feel its thickness. After freeing the neck of the sae the same 
methods are used in cutting across it (Hig. 5). This cut can be made 
with confidence that no injury will be done when these precautions are 
taken. It should be remembered that because of the rotation of the 
duodenum the pancreaticoduodenal vessels are now behind the neck of 
the sae and the opening of the ducts are transposed. 

The line of excision is placed about one-half inch from the duodenal 
wall leaving a euff of tissue for easier closure of the defect as is done 
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Fig. 5.—The greatest danger of duct or vessel injury comes with excision of the 
sac. If the surgeon has palpated the wall with a finger in the lumen or transillu- 
minated the tissues, he can make the cut with confidence. <A cuff of tissue is left as 
in esophageal diverticula to allow closure without narrowing the lumen of the bowel 
or catching the ducts in a stitch. 


He 


Fig. 6.—The view looking into the duodenum with the diverticulum excised. The 
rotation of the duodenum brings the pancreatic duct to the left where the opening 
is practically at the junction of the sac and the duodenal wall. In this case the 
opening of the common bile duct could not be readily located therefore the duct was 
opened above and a catheter passed down it. These probes are left in the ducts 
while placing the first row of sutures. 
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in esophageal diverticula. This also gives greater protection against 
duet injury for in some cases the ducts enter at the neck of the sae 
or at the junction of sae and duodenal wall. Through the opening 
produced one has a clear view of the duodenum and can now place a 
probe in the pancreatie and common bile duets (Fig. 6). If the ampulla 
of Vater cannot be located, it is best to open the common bile duct 
above and pass a catheter down into the duodenum. It is urged that, 
unless the ampulla is well away from the margin to be closed, these 
probes be left in place until sutures closing the defect are placed. 


Before tying the stitches at the end of the opening one can take one 


last look at the ducts, verify that they have not been caught in a stitch, 
and then remove the probes. This gives a comforting assurance of an 
uncomplicated result. The details of closure of the duodenal wall and 
restoration of the duodenum to its normal position are shown in Fig, 7. 


Fig. 7.—6, The first row of sutures is completed and the common duct is closed. 
Before tying the last stitches a final inspection is made and the probes removed from 
the ducts. 7, The closure is completed. 8, The duodenal loop is replaced to complete 
the operation. 


SUMMARY 


Only a small number (about 5 per cent) of duodenal diverticula re- 
quire operation, but the majority of these are in the second part of the 
duodenum where removal endangers the pancreatic and common bile 
ducts and the pancreaticoduodenal vessels. The hazardous part of 
removing these peri-Vaterian diverticula comes with dissecting free 
and dividing the neck of the sae and closing the defect in the duodenal 
wall, for it is here that the duct or vessel injury occurs. An operation 
is presented that is designed to avoid these dangers. 

My surgical chief, Dr. John J. Morton, is also interested in this subject and I am 


indebted to him for information received, not only from his excellent review but also 
from personal conversation, 
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TREATMENT OF LARGE BOWEL OBSTRUCTION 


TRANSVERSE COLOSTOMY—INCIDENCE OF INCOMPETENCY OF ILEOCECAL 
VALVE; EXPERIENCE AT THE UNIVERSITY OF MINNESOTA HosprraLs 


CLARENCE DENNIS, M.D., MINNEAPOLIS, MINN. 


(From the Department of Surgery, University of Minnesota School of Medicine) 


LTHOUGH there has been a marked drop in the mortality of patients 

with acute small bowel obstruction in recent vears,* '* a review of the 
literature does not show such generally gratifying observations in acute 
obstruction of the colon,’ * '* and only a few reports, such as that of 
Gregg and Dixon, show figures (13.6 per cent) better than those on the 
small bowel lesions. In view of this faet, a brief review of some of 
the factors involved and of the practices and results at the University 
of Minnesota Hospitals seems in order. This report is intended to 
serve aS a complement to a previous communication on small bowel 
obstruction,*® and certain features discussed more fully there will be only 


mentioned here. 
INCIDENCE OF COLIC OBSTRUCTION 


The bulk of the articles on large bowel obstruction is limited to 
discussions of carcinomatous strictures, the commonest cause of ob- 
struction in this viscus. The frequency of colie obstructions, aside 
from this connection, is, therefore, difficult to establish. The frequency 
of acute complete colic obstruction in carcinoma of the colon is vari- 
ously estimated in published reports. Campbell estimates it at more 
than 30 per cent, Burgess at 35.6 per cent, and Graham at 16 per cent, 
while Gregg and Dixon report the Mayo Clinic figure at only 5.6 per 
cent of 2,730 cases, a figure possibly reflecting a different type of 
surgical practice. 

In the Mayo Clinic figures, two-thirds of the colic cancers causing 
obstruction were in the descending, sigmoid, or rectosigmoid colon, 
while only one in seven lay cephalad to the splenic flexure, findings 
largely explicable on the basis of the more solid character of the fecal 
matter and smaller diameter of the left colon.*” 

Acute obstruction on other bases is less common, but extracolie 
malignancies and pelvic and sigmoid inflammatory lesions rank next 
in importance, and volvulus of the sigmoid is a poor third in this 
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country, although it is apparently much more common in some Kuro- 
pean countries.*° 

-artial obstruction is much more common, but it is not easy to 
evaluate statistically because of the difficulty in establishing sharp 
lines of demarcation between nonobstrueting and minimally obstruct- 
ing lesions. The present report is concerned with acute complete colic 
obstruction only. 


PHYSIOLOGIC CHANGES IN ACUTE COLIC OBSTRUCTIONS 


The physiologic changes occurring in obstruction of the colon differ 
only in certain respects from those outlined previously for small bowel 
obstruction, and will be discussed here only in those respects. 

The low position of the obstructing lesion in the intestinal tract usu- 
ally allows absorption by the bowel above that point of much of the 
food, water, and salt taken by mouth. These patients, therefore, like 
those with terminal ileac obstruction, are regularly free from the hypo- 
chloremia, uremia, and marked dehydration seen in obstructions high 
in the small intestine. 

A factor further tending to inhibit chemical imbalance is the fre- 
quent absence of significant vomiting, a point commonly attributed to 
competency of the ileocecal valve.“” *° Using an intracolic pressure 
of 50 mm. of Hg, Sperling found the ileocecal valve competent to pre- 
vent reflux into the ileum in five out of fourteen patients studied with 
barium enema and the fluoroscope. Sperling and others have reported 
series of cases in which perforation of the cecum had occurred without 
distention of the terminal ileum, and he stresses the importance of the 
ileoceeal valve in rendering colic occlusion a type of ‘‘closed loop’’ 
obstruction.'* Since it is in the cecum that the colic wall is thinnest 
and the diameter is greatest, ischemie necrosis and perforation usually 
occur at this point in unrelieved cases." Perforation also ean 
occur at this point in cases with incompetent ileocecal valves (see 
Comment). 


Early in left colic obstruction, distention may occur primarily just 
proximal to the lesion, and, since peristaltic rushes are far less fre- 


quent here than in the ileum, cramps and borborygmi may be present 
at intervals of from ten to thirty minutes or longer. Later the entire 
proximal colon usually becomes distended, and cramps and borborygmi 
then are apparent as each peristaltic wave in the ileum forces more 
material into the already distended cecum (or into the distended lower 
ileum if the valve has proved incompetent); the interval between 
cramps now is from three to ten minutes, the interval between major 
contraction waves in the ileum. It may be shorter if distention extends 
higher in the small bowel, or, later in the process, cramps may be 
absent altogether. 
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DIAGNOSIS OF COLIC OBSTRUCTION 


In carcinomatous colic obstruction, ‘‘almost invariably a history of 
constipation extending over some period of time is obtained; there fre- 
quently have been attacks of abdominal pain associated with temporary 
meteorism, during which time the expulsion, of gas and feces, has been 
accomplished with extreme difficulty or not at all. The observation of 
blood and mucus in small quantities in the stool has, at times, been pre- 
viously noticed; alternating periods of constipation and diarrhea may be 
complained of. Anschiitz states that in his series, fourteen came with 
acute intestinal obstruction, as the first evidence of the disease. When 
such a patient presents himself for examination, the abdomen is frequently 
distended and occasionally the patterns of the colon may be seen in the 
form of a horseshoe-shaped swelling around the periphery of the abdomen. 

‘*Vomiting is not infrequently absent altogether, despite enormous dis- 
tention, Occasionally, vomiting may be present initially. The duodenal 
tube may reveal that gastric retention is absent. These significant findings 
owe their occurrence to the action of the ileocecal valve and sphincter and 
are of great value in helping to determine the exact nature of the ob- 
struction present, A patient with occlusion of the colon may not appear 
particularly ill; yet, it is one of the most vicious obstructions observed 
clinically. 

‘* Digital examination of the rectum frequently shows this cavity to be 
empty. Bimanual palpation aided with one hand over the abdomen ocea- 
sionally renders a mass palpable which could not be felt by abdominal 
palpation or rectal examination alone. The abdomen, though tympanitic, 
is moderately soft and not tender; when tenderness is present it is usu- 
ally found over the cecum—a warning that the viability of the bowel is 


threatened by the enormous distention, 


Intestinal colic is present at some time in each case, but may be 
absent when the patient comes for relief. Gas pains early in the phase 


of complete obstruction usually come at intervals longer than ten min- 
utes, but later, when the cecum or even the terminal ileum is also 
distended, they may come at the more frequent intervals of small 
bowel colic, although they may now be absent altogether. 


Scout films of the abdomen regularly show distention of the colon 
from the cecum.to the point of obstruction, which cannot infrequently 
be localized in this manner (Fig. 1).2* Gas, due to stasis, may be 
visualized in the terminal ileum frequently, and distention of the small 
bowel may occasionally be present. Barium enema roentgen exami- 
nation may fail to reveal the obstruction site, allowing the contrast 
medium to pass relatively freely in the cephalad direction, and it may, 
in addition, culminate in rendering complete an obstruction which has 
been partial until that time. 

Differentiation among the various causes of colic obstruction may be 
impossible until pathologie examination, but unless the distention is 
extremely marked, accurate diagnosis is usually possible at operation, 
whether the lesion is carcinoma, diverticulitis, or Compression or in- 
filtration from outside the bowel. Differentiation from small bowel 
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obstruction is facilitated by the almost constant presence of vomiting, 
often of fecal character, in that condition, by consistent presence ot 
cramps at intervals less than ten minutes in small bowel obstruction, 
and by the ladderlike arrangement of loops of small bowel usually 
apparent on the scout film. Infrequently, colie obstruction, especially 
if situated in the right colon, may simulate small bowel obstruction in 
regard to all of these features. Under such circumstanees the situation 
of the patient may be precarious because of failure to recognize the 
danger of perforation of the cecum. 


Fig. 1.—Roentgen picture of abdomen of a patient with complete obstruction in 
the pelvic colon. In this case the ileocecal valve has prevented regurgitation into 
the ileum, and true “closed loop’’ obstruction is present. (From Wangensteen, O. 
H.: Intestinal Obstructions, ed. 2, Springfield, Ill., Charles CG Thomas, Publisher, 
p. 33.) 


Preoperative diagnosis of volvulus of the sigmoid colon is of great 
practical importance, for it is fundamentally a greater threat to the 
blood supply of the sigmoid loop than simple obstruction is to that of 
the cecum, and a left lower rectus incision must be made to deal with 
it adequately. There is usually a lifelong story of constipation, and 
the condition is particularly prone to occur in patients with mega- 
colon, in whom the sigmoid loop is abnormally large and long.** There 
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is likely to be a history of previous attacks and, at the time, a story 
of sudden onset of abdominal pain with increasing distention and 
failure to pass flatus. Distention quickly becomes marked, and ab- 
dominal tenderness and rebound tenderness with leucoeytosis are likely 
to appear. Roentgen pictures usually show a single loop far more en- 
larged than others, with a tendency to extend up to the right upper 
quadrant and even, at times, to overlie the liver. Upright pictures 
usually show considerable amounts of fluid in such a loop, and cautious 
barium enema examination, which is permissible here, may reveal 
clearly the area of twist and distortion at the base of the mesosigmoid 
(Fig. 2). 


Kig. 2A.—Volvulus of the sigmoid colon. Upright picture of the abdomen, show- 
ing extension of the greatly enlarged sigmoid loop to the upper limits of the ab- 
domen. Note fluid levels. The transverse colon and cecum are also distended, but 
the ileum is not seen. 


TREATMENT OF COLIC OBSTRUCTIONS 


Simple Obstructions—Although the possibility of primary surgery 
upon the obstructing lesions appeals to the imagination, experience 
has shown that the risk is more than twice as great as that of prelimi- 
nary decompression followed by resection after recovery from disten- 
tion.’* 1% 8° These results are considered due to edema and poor eir- 
culation in the thinned and stretched bowel wall, combined with actual 
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bacterial invasion from the lumen. Only after these changes have been 
corrected by recovery after decompression has surgery to the lesion 
itself proved feasible. 

Decompression of the distended colon seen in acute obstruction is to 
be regarded as a surgical emergency, for a large number become 
‘closed loop’’ obstructions without possibility of relief by regurgita- 
tion, and the greatly increased tension constricts the blood vessels of 
the bowel wall, especially in the cecum, thus to all practical purposes 


Fig. 2B.—Volvulus of the sigmoid colon. Detail picture of the left lower quadrant 
of the same patient upon administration of a small barium enema, showing clearly 
the site of twist. jarium also appeared quickly in the right upper quadrant loop. 


converting the obstruction from a simple to a strangulating one, with 
the imminent threat of cecal perforation hanging over the patient. ' *° 
Cecal perforation has even been observed to oceur in one case of acute 
colic obstruction with an incompetent ileocecal valve and distention of 
the ileum; a few other patients have been treated for small bowel 
obstructions in the presence of small bowel distention and incompetent 
ileocecal valves under the erroneous impression that small bowel ob- 
struction was responsible for that distentien, and in none of this group 
has perforation of the cecum occurred. 

Among most surgeons, cecostomy has long been considered the pro- 
cedure of choice for decompression of the distended colon.’* ** ** Be- 
cause of the impossibility of aseptic decompression in doing cecostomy 
and the difficulty of complete delivery of the cecum in the presence of 
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marked distention, the mortality is high; Wangensteen*’ states that the 
mortality of this procedure at the University of Minnesota Hospitals 
was nearly 50 per cent, a figure corroborated by Campbell and others.* 

Several years ago, Wangensteen suggested that decompression in 
acute left colic obstruction be accomplished by transverse colostomy. 
He emphasized that the incision could be precisely placed over the dis- 
tended transverse colon to be exteriorized if a preliminary scout film 
with a coin on the umbilicus was made (Fig. 3). This is a sound pre- 
cautionary measure, although I have not seen a case in which it has 
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Fig. 3.—Technique of decompressing the distended colon. Sketch of a radiogram 
from a case. A five-cent piece is taped over the umbilicus. In the insert, on the 
left, the actual size of the nickel drawn to scale is shown in a. The 33 per cent en- 
largement on the anterior abdominal wall is shown in b. The intestinal coils with- 
in the abdomen are enlarged 25 per cent. In the insert on the right, the method of 
deflating the colon on completion of the operation is shown. After a few such aspira- 
tions, the bowel is incised and a tube is inserted before it is finally cut across. 
The tension in the bowel is determined before its contents are aspirated. (From 
Wangensteen, O. H., Intestinal Obstructions, ed. 2, Springfield, Ill. Charles C 
Thomas, Publisher, p. 179.) 


*In a paper which appeared after this article was submitted, Coller and Ransom 
report losing five of seven patients in whom cecostomy was done in the presence of 
high-grade obstruction. (Coller, F. A., and Ransom, H. K.: Carcinoma of the Rec- 
tum. Conclusions based on Twelve Years’ Experience With Combined Abdomin- 
operineal Resection, Surg., Gynec. & Obst. 78: 304, 1944.) 
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led to alteration in the already planned incision. Wangensteen par- 
ticularly emphasized in his teaching at the clinic here that this proce- 
dure must be done through a transverse incision, preferably cut- 
ting across the right rectus muscle halfway between the umbilicus and 
the xyphoid. Patients have been referred to this hospital after at- 
tempts to accomplish decompression of the transverse colon through 
vertical abdominal incisions, and this procedure has failed because of 
inability to deliver the distended transverse colon through such an 
incision. Decompression of the bowel intraperitoneally in order to 
facilitate delivery through a vertical incision invites the hazards of 
cecostomy. Such decompression prior to delivery is almost never 
necessary after entry through a properly placed transverse incision. 

In performing transverse colostomy, the colon is elevated over a 
glass rod and further fixed by fine silk sutures securing the omentum 
and fatty tags to the peritoneum and rectus sheath. In the presence 
of distention, no sutures are placed in the bowel wall proper. A little 
sulfanilamide or sulfathiazole powder is dusted along the suture line, 
and massive petrolatum dressings are placed (o cover all the field but 
a small area of the bowel before insertion of a hypodermic needle for 
determination of intraluminal tension, and decompression. If the 
bowel refills quickly, it is aspirated every few hours during the next 
three days; at that time the anterior half is cut with the cautery, and 
at seven or eight days after operation the bowel is cut down to the 
glass rod. This procedure accomplishes complete deviation of the 
fecal stream, a matter of some importance in subsequent surgical 
procedures.* 1° °° 

In those occasional instances in which the lesion has been palpable 
on rectal examination and in which the distention has not been too 
extreme, decompression has been accomplished by left inguinal sigmoid 
colostomy. Such procedure is open to the objection that the sigmoid 
colon may not be found free enough for delivery without dissection in 
the presence of distention, but it offers the hope of simplification of 
subsequent operative management. 

In one or two instances here decompression has been undertaken by 
passage of a rectal tube past a low-lying rectal lesion. It is probably 
not to be recommended unless the lesion is very low. 

When the lesion lies in the right colon, insertion of a catheter into 
the cecum by way of the appendix or the terminal ileum (with double- 
barreled ileostomy) must be performed, reserving cecostomy for only 
the rarest occasions. 

The management of obstruction due to diverticulitis is essentially 
the same as that due to cancer and needs no special mention. 

Volvulus of the sigmoid colon is potentially or actually a strangulat- 
ing obstruction and, as such, demands immediate detorsion as well as 
decompression of the colon proximally. Many surgeons aecomplish 
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both purposes by simple detorsion of the sigmoid loop, but Finsterer 
found thirteen recurrences in forty-seven cases, and this experience 
has been adequately corroborated. The risk of resection approaches 
50 per cent in the experience of most authors,'* *° but six of Museh- 
katin’s?® seven patients survived after resection and use of extraperi- 
tonealized primary open anastomosis. The policy at this hospital 
has, nevertheless, been to exteriorize the sigmoid loop after detorsion. 
Preliminary placement of a rectal tube, as suggested by Hinton and 
Steiner, is helpful in emptying the distended sigmoid. 


EXPERIENCE WITH COLIC OBSTRUCTION ‘AT THE UNIVERSITY 
OF MINNESOTA HOSPITALS 


In the six years from Jan. 1, 1988, to Jan. 1, 1944, fifty-three cases 
of acute complete colic obstruction passed through the General Sur- 
gical Operating Rooms at the University of Minnesota Hospitals. One 
additional patient, with volvulus of the sigmoid colon with perfora- 
tion, arrived in moribund condition and died without surgery. This 
case is included in the study. During this same period the average 
yearly number of admissions for acute small bowel obstruction was 
thirty, so our incidence of complete colic obstruction is about one-third 
that of small bowel occlusion. 

Specifically omitted from the present discussion are five additional 
cases, three of colitis (two ulcerative and one phlegmonous) and two 
of ileus secondary to other lesions; all five patients died without evi- 
dence of organic obstruction. 


CARCINOMATOUS OBSTRUCTION OF THE COLON 


Incidence of Obstruction nm Colic Cancer.—In this series of fifty-four 
cases, carcinoma of the colon or rectum was the agent most frequently 
responsible for obstruction. . There were thirty-five such cases. Inas- 
much as a total of 367. patients with carcinoma of the colon passed 
through the general surgical operating rooms during this six years, 
the incidence of complete obstruction in colon cancer was 9.54 per cent. 
There were many other instances in which obstruction was partial or 
questionably present; they are not the subject of this review. Many 
of these 367 patients had carcinoma of the rectum. Some had colos- 
tomy only as a palliative procedure. 

Sites of Obstruction in Colic Cancer.—Twenty-eight of the thirty-five 
patients had obstruction of the left colon. Six of the obstructions to 
the right colon lay at the hepatic flexure, although the primary lesion 
in one lay in the cecum, and obstruction-was related to hepatie metas- 
tasis. One lay in the transverse colon, involving also the ileum. In 
the left colon nineteen of the twenty-eight patients suffered obstrue- 
tion in the sigmoid loop and the remainder were almost evenly dis- 
tributed among rectum, descending colon, and flexure (Table I). 
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TABLE I 


SITES OF CARCINOMAS CAUSING COLIC OBSTRUCTION 


NO. OF MANAGEMENT OBSTRUCTION DEATHS 


SITE OF LESION 


CASES TYPE NO. NO. % 
Rectum 4 Transverse colostomy 2 () 0 
Inguinal colostomy 2 0 0 
Sigmoid colon 19 Transverse colostomy 5.9 
Other? l 1 100 
Descending colon 3 Transverse colostomy 3 13 33 
Splenic flexure 2 Transverse colostomy 2 0 0 
Transverse colon I Other 1 0 0 
Right colon 6 Variety 6 25 33 
‘Votal 30 v 14.5 
Transverse colostomy mortality 8% 


'The cecum was perforated at the time of surgery. 

2A lesion of the sigmoid was exteriorized—peritonitis (see below). 

8The lesion had perforated before surgery—liver abscesses and metastases and 
peritonitis. 

*Miller-Abbott decompression” followed by Rankin*! excision of lesion and resection 
of involved segment of ileum with primary anastomosis. 


‘One died a month later, while still in the hospital, of massive metastases to liver. 
One died of unknown cause at four days, massive ascites found at surgery. 


COLIC OBSTRUCTION NOT DUE TO PRIMARY COLIC MALIGNANCY 


Aside from the thirty-five cases of obstruction due to colic malig- 
nancy there were nineteen due to a variety of causes. In seven cases, 
obstruction was caused by malignancies arising elsewhere in the pelvis 


and involving the colon secondarily, four were blocked by pelvic in- 
flammatory lesions, five by volvulus of the sigmoid, one by a regional 
transverse colitis, one by impaction of feces following a barium meal 
given a patient with bleeding ulcer, and one by a prolapse of the recto- 
sigmoid (Table ITI). 


TABLE IT 


CoLic OBSTRUCTIONS ASIDE FROM PRIMARY COLIC MALIGNANCIES 


MANAGEMENT DEATHS 
TYPE NO. NO. % 


NO. OF 
OBSTRUCTING MECHANISM (Cages 


Pelvic neoplasms! 7 Transverse colostomy 6 0 0 
Inguinal colostomy ] 0 0 
Inflammatory obstruction = 4 Transverse colostomy 4 0 0 


of pelvie colon? 


Transverse colostomy 


Regional colitis, splenic 


flexure 

Volvulus of sigmoid 5) No therapy, terminal 1 1 100 
Exteriorization in L.L.Q. 2 1 50 
Colostomy of sigmoid through 1 0 0 

high transverse incision 
Exteriorization through high 1 1 100 

transverse incision 

Impaction of barium ] Transverse colostomy 13 1 100 
Rectosigmoid prolapse 1] Transverse colostomy 1 0 0 
Total 19 q 21% 


1Two cases each of carcinoma of cervix and ovary; one case each of carcinoma of 
prostate and uterus; one neurofibroma. 

*Two cases of diverticulitis; one case of tuberculosis of sigmoid; one case of pelvic 
abscess from salpingitis complicated by perforation of the cecum requiring suture; 
recovery. 

*Death from recurrent severe gastric hemorrhage nine days postoperatively. 
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INFLUENCE OF BARIUM MIXTURE IN INCREASING 
THE DEGREE OF OBSTRUCTION 


It has been stressed elsewhere® that administration of barium mix- 
ture by mouth to patients with partial small bowel obstruction is 
likely to render that obstruction complete. In the present series of 
large bowel obstructions are nine cases in which the obstructions were 
not complete until the introduction of barium mixture either by mouth 
or as a barium enema, becoming complete within a few hours there- 
after. There were eight other cases in which complete obstruction 
oecurred and in which barium had been administered before develop- 
ment of complete occlusion, but in these other cases it was felt that 
the barium mixture probably played no part in rendering the obstrue- 
tion complete, for roentgenograms taken at the time of obstruction 
failed to show barium near the site of closure, or failed to show any 
barium at all. The cases are summarized in Table IIL Eight of the 
patients with obstruction by barium underwent transverse colostomy, 
and one was decompressed by a Miller-Abbott tube and was later sub- 
jected to right hemicolectomy for a lesion of the hepatic flexure. — It 
is noteworthy that one patient had no evidence of organic obstruction 
at subsequent autopsy; he died nine days after operation, of recurrent 
massive hemorrhage from a duodenal ulcer. Temporary occlusion had 
been on the basis of fecal impaction. 


TABLE ITI 


PRODUCTION OF COMPLETE COLIC OBSTRUCTION BY THE USE OF BARIUM MIXTURE FOR 
ROENTGEN EXAMINATION 


MANNER OF AD- 
MINISTRATION 

None (impaction ) Meal 

Sigmoid diverticulitis Enema 

Careinoma of cervix uteri Enema 

Carcinoma of hepatic flexure Meal 

Carcinoma of splenic flexure Meal 

Carcinoma of descending colon Enema 

Carcinoma of sigmoid colon : One meal, two enemas 


CAUSE OF OBSTRUCTION NO. OF CASES 


Eight additional patients were given barium enemas cautiously without complication 
resulting. 


RESULTS OF THERAPY 


Primary Resection in the Presence of Obstruction.—In two instances 
in the recent past it has seemed at operation that removal of the lesion 
was possible despite obstruction. In the first of these, a napkin-ring 
obstructing carcinoma was exposed through a left lower rectus incision, 
this approach having been used because of the suspected presence of 
volvulus (see footnote? Table 1). The lesion was lifted onto the ab- 
dominal wall with no dissection necessary. Due to lack of fatty tags, 
the bowel itself was fixed to the abdominal wall with fine silk sutures 
and decompressed at the end of the operation with a catheter secured 
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with a purse-string suture; the lesion was cut away several days later. 
Presumably due to placement of sutures into the tremendously 
stretched and thinned gut wall, the patient developed a chronic ad- 
hesive peritonitis, with recurring obstruction of large and small bowel, 
and ultimately died two months after admission. This patient’s death 
was also reported as a small bowel obstruction death.® 

In a second ease, not listed in the tables because obstruction was 
partial, medical decompression, for preparation for primary resection 
of a sigmoid eancer, was found to be incomplete at operation. The 
colon was therefore decompressed by the Wangensteen aseptic decom- 
pression troear,*' and resection was performed. The patient died six 
days later with separation of the suture line. 

Transverse colostomy was considered in both cases and should have 
been used in both. 

Transverse Colostomy for Acute Colic Obstruction.—In all, transverse 
colostomy was used in thirty-eight cases of acute left colic obstruction, 
of which twenty-five were due to intrinsic cancer. In this series there 
were three deaths, two in the intrinsie cancer group and one in which 
obstruction was due to fecal impaction alone, a mortality rate of 7.9 
per cent. Transverse colostomy was regularly used in the worse cases, 
and the procedures were performed by a group of over a dozen house 
officers and staff members, and were thus not concentrated in the 
hands of one or two individuals, factors tending to make more evident 
the relative safety of the method. Both of the cancer obstruction 
deaths were due to perforations which occurred prior to surgery, one 
to perforation of the cecum, which was closed through an accessory 
right lower rectus incision at the time of transverse colostomy, and 
the other to perforation of a descending colic lesion with liver abscesses 
and peritonitis. The third death resulted from recurrent massive hem- 
orrhage from a duodenal ulcer nine days after surgery. 

One complication was recognized on three occasions, namely, adhe- 
sion of small bowel to the site of apposition of colon and abdominal 
wall, with or without herniation. Once the patient was returned to 
the operating room a day after surgery for return of a segment of 
ileum to the abdomen; once the abdomen was opened and a segment 
of ileum freed of adhesions to this area in a patient who had had a 
volvulus of the sigmoid colon drained by transverse colostomy inci- 
sion; onee adhesions of small bowel to this region were found inei- 
dentally at post mortem. 

Inguinal Colostomy for Acute Colic Obstruction—In three eases, 
inguinal colostomy was used to relieve low-lying obstructions. Death 
resulted in none of these. 

Procedures for the Relief of Volvulus of the Sigmoid.—The remaining 
four left colic decompressive procedures were done for volvulus of the 
sigmoid colon, in which the threat of sigmoid strangulation dictates 
more than transverse colostomy. One of these patients died early, 
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apparently of atelectasis, and one died from peritonitis seven days 
after operation, apparently secondary to retraction of one loop of the 
colostomy remaining after a Rankin®! obstructive type of resection. 

The deaths from volvulus occurred early in the present period of 
study, while the recoveries are of recent occurrence. Management of 
choice seems to have been achieved in the last case (Fig. 2). Prior to 
surgery, a soft rectal tube was inserted twelve inches and secured with 
tape; the tube kinked on itself in the upper reetum, but it was easily 
delivered into the lower sigmoid by manipulation from within the 
abdomen after detorsion had been accomplished. A high spinal anes- 
thetie was given in the vain hope it might cause sufficient colic con- 
traction to eliminate the need for surgery.** The huge sigmoid loop 
was delivered through a long left rectus incision and readily emptied 
of 2,700 ¢.c. of gas and fluid through the already placed rectal tube 
(measured by Wangensteen suction siphonage apparatus). Clamps 
were placed across the proximal and distal limbs; the mesentery was 
cut, securing hemostasis by silk stitches, and the wound was closed 
with steel wire sutures, leaving a double-barreled colostomy, clamped. 
A eatheter was fixed into the proximal loop with a purse-string suture, 
but otherwise no sutures were placed in the bowel. Uneventful re- 
covery resulted, and simple closure of the colostomy was accomplished 
later. 

Procedures Used in Right Colic Obstruction.—In six cases complete 
obstruction occurred in carcinoma of the right colon. Three patients 
were treated by terminal double-barreled ileostomy with insertion of 
a catheter through the ileum and into the cecum, one was given an 
appendicostomy, and two decompression by Miller-Abbott tube, each 
of these last two being successfully subjected three days thereafter to 
hemicolectomy of the right side with primary end-to-end ileotrans- 
verse colostomy. 

Two deaths occurred in the right colic obstruction group; in one ease 
obstruction occurred at the hepatic flexure from metastasis from a 
cecal primary lesion, and a perforation of the ascending colon was 
sutured and terminal ileostomy performed at operation, a suspension 
of 2 Gm. of sulfathiazole in one ounce of water being left in the ab- 
domen. The patient died nineteen days later; autopsy showed a clean 
abdomen and a liver almost completely replaced by cancer. In the 
second case, ileostomy was performed for carcinoma of the ileocecal 
valve in the presence of massive ascites. The patient died three days 
later in convulsions. No autopsy was allowed. 

Summary of Results of Operative Procedures.——The results of the 
operative procedures outlined are tabulated in Table IV. 


OBSERVATIONS ON INTRALUMINAL PRESSURES IN COLIC OBSTRUCTION 


In most of the eases of colic obstruction of the left side the intra- 
luminal pressure was determined at the time of transverse colostomy. 
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TABLE LV 


COMPARISON OF THE RESULTS OF VARIOUS PROCEDURES IN THE RELIEF OF ACUTE 
COMPLETE COLIC OBSTRUCTION 


NO. OF DEATHS 


CASES 


Simple obstructions 49 6 12.2 
Transverse colostomy 38 3* 7.9 
Inguinal colostomy 3 0) 0 
Primary Mikulicz for carcinoma of sigmoid I I 106 
Double-barreled ileostomy 3 4 66 
Appendicostomy l 0 0 
Miller-Abbott tube decompression followed 2 iD 0 

by right hemicolectomy 
Miller-Abbott decompression followed by 1 0) 0 
Rankin excision of transverse colon 

Volvulus of the sigmoid 4 - 50 
Exteriorization 3 2 66.7 
Colostomy (sigmoid ) 1 0 0 

Total 53 15.1 


*Upon laparotomy, two of these patients were found to have perforations. The 
other died of duodenal hemorrhage nine days later. 


In the sigmoid colostomies and the right colie obstructions, as well as 
in decompressions by the Miller-Abbott tube, it was usually not feasible. 

In all, thirty-four determinations were made. Although the highest 
value, 34 em. of water, was found in a patient with carcinoma of the 
sigmoid colon, the average of this group is not significantly different 
from that in other parts of the colon. The average of the thirty-four 
determinations was 14 em. of water, the minimum was | em. In both 
the fatal cases with perforation, the pressure was 20 em. of water. 
In the group with volvulus of the sigmoid colon, the maximum pressure 
was 15 em. of water, suggesting that the symptoms and findings of 
pain and peritoneal irritation depend more largely on the twist, with 
pull on the mesentery and interference with blood flow there, than on 
any ischemia secondary to increased intraluminal tension. 


OBSERVATIONS ON THE INCIDENCE OF VOMITING AND OF SMALL BOWEL 


DISTENTION IN ACUTE COLIC OBSTRUCTION 


Prior to the early 1930’s, it was the general opinion that fecal emesis 
in the presence of bowel obstruction indicated that the obstruction lay 
in the colon. In 1934, however, Wangensteen pointed out that the 
converse is true, namely, that fecal emesis usually indicates small bowel 
obstruction, and that in the majority of instances the ileocecal valve 
prevents reflux into the ileum, thereby preventing prominent vomiting 
and particularly vomiting of fecal character.’ He and Sperling showed 
that in many instances the valve is sufficiently competent not only to 
prevent vomiting but also to convert the simple colie obstruction into 
a ‘‘elosed loop’’ type of obstruction, with rapid rise in intracolie pres- 
sure and ischemi¢ necrosis, and consequent perforation of the wall of 
the cecum. 
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Such competency of the ileocecal valve has been adopted by many 
radiologists as an aid in the diagnosis of colic obstruction,?® absence 
of gas visible in the ileum confirming the impression of colic occlusion. 
On the part of certain radiologists there has been a tendeney to look 
with great doubt on the diagnosis of large bowel obstruction if gas is 
visible in the ileum at all. 


Fig. 4.—Examples of varying amounts of gas visible in the small bowel in cases 
of colic obstruction. Scout films of the abdomen. 

_ A) Group 1—Gas visible in the ileum but in insufficient amount to produce def- 
inite distention (29% of series). 

_ B) (p. 728) Group 2—Definite small bowel distention, but colic distention predom- 
inant (32% of series). 

C) (p. 729) Group 3—Small bowel distention more marked than colic distention 
(7% of series). 

With a view to evaluation of the diagnostic importance of gas visible 
in the scout film in colic obstruction cases, the films have been care- 
fully reviewed in the present series.* 

For purposes of classification, cases have been divided into four cate- 
gories on the basis of preoperative roentgen findings : 

0. Those patients in whom no gas can be seen in the films in 
the small bowel, or in whom the presence of it is equivocal 
(Fig. 1). 
*With the generous assistance of Dr. O. H. Wangensteen, Chief of the Department 


of Surgery, and Dr. L. G. Rigler, Chief of the Department of Radiology, at the Uni- 
versity of Minnesota School of Medicine. 
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1. Those with gas visible in the ileum, but in insufficient amount 
to produce definite distention (Fig. 44). 

2. Those in whom there is definite small bowel distention vis- 
ible on the film, but in whom the colic distention dominates 
the picture as a whole (Fig. 4B). 

3. Those in whom the distention visible involves predominantly 
the small intestine, the colic distention being definitely less 
in degree (Fig. 


Fig. 4B. (For legend see p. 727.) 


In reviewing these roentgenograms it is to be emphasized that the 
presence of gas in the ileum may be explained as well on the basis of 
stasis in that viscus as on the basis of incompetency of the ileoceeal 
valve, except in those instances in which the ileae distention is ex- 
tremely marked. Films were reviewed on fifty-two cases, two films 
having been lost. 

In such a study it seemed important to evaluate the extent of the 
vomiting also as a possible measure of the competency of the ileocecal 
valve. Vomiting was considered significant only if it occurred on 
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three occasions or more. Those who had had stercoraceous emeses 
were so listed. The observations concerning vomiting have been culled 
from the hospital records of these patients; the data would obviously 
be of greater significance if based entirely on personal observations. 

Certain cases were excluded from the vomiting study because of ob- 
struction on some other basis, such as involvement of the ileum in the 
tumor or active duodenal uleer. Others were excluded from the roent- 
gen study because of peritonitis, carcinomatosis, or ileac obstruction. 


Fig. 4C. (For legend see p. 727.) 


The data are presented in Table V. It is apparent that about one- 
half the patients vomited three times or more and that fewer than 8 
per cent had vomiting of fecal character. As for the roentgen findings, 
a little more than two-thirds of the group presented some definite 
evidence of gas in the ileum, about one in three presented real ileac 
distention, and in fewer than 8 per cent was the small bowel distention 
more striking than the distention of the colon. 

The correlation between degree of small bowel distention apparent 
roentgenologically and the amount of vomiting was not marked. About 
one-third of the patients who vomited showed no intraileac gas on the 
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films. This amount of vomiting therefore must be explicable as reflex in 
nature. All of those whose vomiting was of fecal character also had 
marked ileae distention visible by scout film. About two-thirds of those 
with definite ileac distention also vomited three times or more. 


COMMENT 


It is apparent from the figures of Table V that competency of the 
ileoceeal valve is usually but by no means invariably present. There 
was definite regurgitation into the small bowel in about one-third of 
this series of patients, and consequential vomiting occurred in about 12 
per cent. Five out of forty-one patients free of complications such as 
carcinomatosis, peritonitis, or involvement of the ileum in the lesion 
presented a clinical picture which could readily have been interpreted 
as small bowel obstruction, and fecal vomiting occurred in at least 
three of them. The conclusion is apparent that the presence of vomit- 
ing, even if persistent and fecal in character, should not cause the 
examiner entirely to overlook the possibility of large bowel obstruction, 
even while admitting that these symptoms are far more likely to indi- 
cate an occlusion in the small intestine. 

It will be recalled that in 1934 Wangensteen first pointed out that 
the character of the vomiting should be of great help to the clinician in 
differentiating small from large bowel obstruction. He correctly 
stressed that stercoraceous emesis is not evidence of colic obstruction, 
but, on the contrary, that it is strong evidence in favor of small bowel 
occlusion, the factor preventing such emesis in colic obstruction being 
the customarily competent ileocecal valve. 

The evidence presented in this communication is, in the main, in 
agreement with Wangensteen’s teaching. Whereas almost 100 per cent 
of complete obstructions in the ileae region in dogs result in sterco- 
‘aceous vomiting in four and one-half to five days, just as is the case in 
clinical patients, in only four patients in fifty-one (7.8 per cent) did 
such fecal vomiting occur in the present group of colic obstructions. 

The teaching of Wangensteen regarding absence of small bowel dis- 
tention in coli¢ obstruction is also fairly well borne out in the present 
study, for careful review of the films has shown perhaps small quan- 
tities of gas in the ileum, but no real distention in almost two-thirds 
of these patients, and in only three out of forty-one cases (7.3 per cent) 

ras the distention seen on the film situated predominantly in the small 
intestine. This is in marked contrast to small bowel obstruetion, in 
which, in the experience here, almost 90 per cent of the patients showed 
marked ileae distention. 

The levels of intraluminal pressure here reported are not as high as 
one found earlier by Wangensteen,?* 52 em. of water, but many of 
them are more than adequate to cause the changes in the cecal wall 
which Sperling deseribed with low levels of sustained pressure,”® or 
the areas of ischemic necrosis which a sustained 10 em. pressure causes 
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in the cecal appendage of the rabbit.° These observations, combined 
with a consideration of the frequency of competence of the ileocecal 
valve, only tend to emphasize that acute colic obstruction should be 
regarded as a surgical emergency. 

Presence of fecal vomiting and marked ileac distention might at first 
suggest that, the ileocecal valve being incompetent, perforation of the 
cecum may be prevented by ready regurgitation into the ileum. That 
such is not always the case has been demonstrated by one case prior 
to the present study period and reported by Rigler; perforation of 
the cecum in this patient occurred in the presence of marked ileac 
distention and a presumably incompetent valve. 

The anatomic basis for incompetency of the ileocecal valve has been 
attributed by Buirge to shortness of one or the other of the lips. In 
this series, on examination by him, the patient with right colic obstrue- 
tion, who vomited fecal material, was found to have a valve with both 
lips defective. 

A few years ago primary anastomosis in the face of obstruction in 
the small intestine was considered to be a highly hazardous procedure, 
and yet it has proved to be feasible and relatively safe in a series of 
strangulating obstruction cases.’ The possibility that proper applica- 
tion of the closed anastomotic technique to the obstructed colon may 
prove similarly successful must be considered. Factors tending to dic- 
tate caution in this regard are the much greater degree of distention 
usually found above colie obstructions, the relative thinness of the wall 
even before distention occurs, the more solid character of the content, 
and probably the heavier bacterial content in the lumen and wall. 
Whether these handicaps can be overcome remains to be seen. In any 
case, diversion of the fecal stream temporarily from the colon is free 
of many of the dangerous and distressing consequences of ileostomy, 
and the urgency for primary anastomosis in the colon is therefore less 
great than in the small intestine. 

The data presented concerning the absence of mortality from the 
operative procedure of transverse colostomy in acute obstruction are 
the more impressive when it is recalled that the risk of cecostomy at 
this hospital under the same senior staff was almost 50 per cent. 
Transverse colostomy at first thought appears a more extensive pro- 
cedure than cecostomy or appendicostomy, but, because of the almost 
uniform mobility of the transverse colon, in sharp contrast to the cecum 
and often to the sigmoid, it can regularly be lifted onto the abdominal 
wall with no dissection whatever. <A second factor adding to the rela- 
tive safety of this procedure is the almost uniform presence of fatty 
tags and omentum at this point by which the colon may be approxi- 
mated to the cut edges of the parietal peritoneum and rectus sheath. 
In the greatly distended cecum, on the contrary, fixation ntust be at- 
tained by placement of sutures into a paper-thin cecal wall, which in- 
vites leakage with every stitch. 
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CONCLUSIONS 


1. The mortality rate for relief of acute colic obstruction in fifty-three 
eases at the University of Minnesota Hospitals from Jan. 1, 1938, to 
Jan. 1, 1944, was 15.1 per cent. 

2. The incidence of acute colic obstruction in cancer of the colon in 
this period was 9.54 per cent of 367 cases. 

3. Distention of the small intestine, as seen by roentgen picture, was 
present in sixteen out of forty-one cases (39 per cent). It seemed to be 
more likely to occur and more marked in right than in left colic obstrue- 
tions. Three of these sixteen patients had feeal vomiting and five pre- 
sented a elinieal and roentgen pieture which could readily be confused 
with small bowel obstruction. Vomiting three or more times occurred 
in 51 per cent of fifty-one patients, but so many of these showed no dis- 
tention of the small intestine on the film that this amount of vomiting 
is considered reflex rather than evidence of incompetency of the ileo- 
cecal valve. 

4. The ileocecal valve was competent in 61 per cent of this series, a suf- 
ficiently large proportion of the cases to make the threat of a ‘‘ closed 
loop’’ colie obstruction a very real one. Acute complete colic obstruetion 
is therefore a surgical emergency. 

5. Barium mixture should not be given to patients with partial eolie 
obstruction, for it may render it complete. 

6. In those thirty-eight patients treated by transverse colostomy the 
mortality rate was 7.9 per cent. In two of the fatal eases perforations 
had already developed at the time of admission to the hospital, and the 
third patient died later of a gastric hemorrhage. 

7. The mortality referable to the performance of transverse colostomy 
in this series was zero. 
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CAST AND PRECAST CARTILAGE GRAFTS 
THEIR USE IN THE RESTORATION OF FactaL CONTOUR 


Forrest YouNG, M.D., RocHestrer, N. Y. 
(From the University of Rochester School of Medicine and Dentistry, Department of 
Surgery, Division of Plastic and Reconstructive Surgery) 


HE exact restoration of facial contour has always been a difficult 
problem. This is especially so in those instances where large por- 
tions of the facial skeleton have been lost. The practice of most sur- 
geons has been to model rib cartilage as nearly as possible to the shape 
desired and then insert this solid object under the skin to replace the 
lost facial bone. This procedure has drawbacks. Im major contour 
defects there is not enough cartilage available nor is it in large enough 
pieces to serve the purpose. In the time at one’s command, exact 
modeling is difficult. It is often hard to secure firm satisfactory fixa- 
tion of the graft in the desired location. After insertion the graft may 
warp. In spite of these objections the method has been the best avail- 
able. Autogenous cartilage is preferable to bone because it usually 
does not absorb, and because it is more easily modeled. Although many 
different sorts of foreign material have been used with some success, it 
is generally accepted that when available, living tissue is preferable. 
Recognizing the limitations of the methods heretofore used, 1 would 
like to report a method which has been most gratifying. Facial con- 
tour can be exactly restored by the implantation of fine particles of 
autogenous cartilage under the subcutaneous tissues and the application 
ot a form over the area, which holds the particles in the desired contour 
while they heal together. The cartilage is thus cast in an exact replica 
of the part. 

This method is based on experimental work reported in July, 1941.' 
In brief, autogenous rib cartilage was chopped into particles about 4¢ 
inch square and then seeded over the rectus fascia in dogs. In one and 
one-half years it was possible to recover a thin sheet of glistening, trans- 
lucent, cartilaginous-appearing material. This sheet of material had the 
appearance and springlike quality of cartilage. On microscopic exami- 
nation it was found that the small pieces of cartilage had adhered to one 
another by fibrous tissue (Fig. 1). 

From this experimental work it seemed feasible to attempt to cast car- 
tilage particles into a desired shape as they healed together. If this were 
possible, it would have several advantages over previous methods of re- 
storing lost skeletal support. It would be possible to reproduce contours 
exactly. Larger losses could be repaired since one could, if necessary, 
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use all the costal cartilage available and cast it in one large mass. In 
addition, the same amount of cartilage would fill a much larger defect 
than a solid graft, since a certain amount of space would be taken up 
by the fibrous tissue binding the small particles together. It also 


" 


Fig. 1.—The microscopic and gross appearance of cartilage grafts produced in dogs 
by the implantation of cartilage particles in subcutaneous pockets. These grafts 
were removed one and one-half years after the chopped costal cartilage was implanted. 


seemed that fixation would be easier, for if one denuded the remaining 
bone about the defect and held the solidifying cartilage accurately in 
place a broad firm attachment might be secured. 

While at work on this problem our conclusions were strengthened 
by hearing a paper presented by Peer and since published,’ in which, 
following my experimental work, he had filled various depressions 
about the face with small particles of cartilage. This procedure he 
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designated as ‘‘diced cartilage grafts’’—a catchy, quite descriptive 
term. He had, however, made no attempt to cast these particles ac- 
curately. He did find, as one would expect, that particles of cartilage 
behaved no differently in human beings that I had already reported was 
the case in dogs. 


CAST CARTILAGE GRAFTS 


In order to cast the healing eartilage particles into exact facial con- 
tours, an accurate negative form of the part desired must be used to hold 
the graft in shape. This form is best made of some resilient material 
for it will then by its elasticity gradually mold the implanted cartilage 


Fig. 2.—Soft tissue and bony defect following radical extirpation of extensive ad- 
vanced carcinoma of antrum. Free of recurrence for one and one-half years. 


into accurate shape. We have used a latex mold for this purpose. It is 
fairly rigid but does have some resilience. The steps necessary to secure 
the latex form are obvious to those familiar with the methods used in 
producing wax or plaster models, but for the sake of clarity they may be 
outlined as follows : 


Method.— 

1. An impression or negative of the deformed face is made. This in- 
cludes the entire face. It may be made of plaster or any one of the agar 
base materials. 

2. From this negative a positive is poured in wax or plaster depending 
upon the material used for the negative. This gives an exact reproduc- 
tion of the deformed face as shown in Fig. 3. 


2 
: ‘ ae 


SURGERY 


Fig. 3.—Appearance of patient shown in Fig. 2 after soft tissue restoration by 
means of right forehead flap for lining, and arm flap and adjacent skin of cheek for 
external covering. A marked distortion of facial contour is present. The extent of 
this sinking in of the face is best noted in the masks photographed from above and 
obliquely. Notice that the right infraorbital ridge and the malar eminence are absent. 
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3. On this mask of the face, the missing part is restored in modeling 
compound until normal symmetry is obtained (Fig. 44). 

4. A negative is made of the restored face and from this a plaster 
positive is made. This reproduces the face restored as finally desired 
(Fig. 4B). 

5. About 44 to 14 inch of modeling compound is then lavered evenly 
over the mask restored in modeling compound (Fig. 44) and a plaster 
negative made of this. 


Fig. 4.—A, The defect has been restored in a mask with modeling clay and the 
surface of the restored area built up about 144 inch. B, A plaster mask of the desired 
contour. C, The latex form fits the restored mask exactly. D, The negative side of 
the latex form which fits exactly as the plaster model e. 


6. This plaster negative is superimposed on the normal plaster mask, 
a hole drilled into the 1g to 14 inch space between the two, and the space 
filled with liquid latex which is vuleanized at 37° C. for twenty-four 
hours. 

7. A rubber mold, 14 to 14 inch thick, of the normal restored face is 
then ready for use (Fig. 4, ¢ and d). 
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The surgical steps in forming the graft are simple. As much autoge- 
nous costal cartilage as needed is removed and chopped into small 
pieces about 4, to 4g inch square. An incision is made peripheral to 
the defect, and a subcutaneous pocket whose margins widely overlap 
the surrounding normal skeleton prepared. This pocket is filled with 


_ Fig. 5.—Appearance of patient after cartilage graft has been cast in place. In 
view from above, the missing infraorbital ridge and malar eminence noted in Fig. 3 
are now restored. 
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cartilage particles which rest on bone around the periphery and the 
incision closed. The particles are roughly molded into approximate 
desired contour and the latex mold applied to complete the final mold- 
ing into exact shape. Firm fixation of the mold is obtained by appro- 
priate dressings and the healing graft undisturbed for seven to ten 
days. The mold is worn for about four weeks. The graft will then be 
solid and firmly adherent (Figs. 5 and 6). 


Fig. 6.—Appearance of patient five years after resection of original carcinoma and 
six months after cast cartilage graft. 


The use of this method is illustrated in detail in the following case 
report. 

CASE REPORT 

M. E. (S. M. H. No. 149847), a white, male laborer, aged 52 years, first entered 
the hospital on Jan. 26, 1939. During the previous six months he had suffered 
with pain and swelling of the right cheek. During that time most of the right 
maxillary teeth had been extracted, ‘‘nasal polyps’’ had been removed, and the 
right antrum had been irrigated repeatedly. He had been in another hospital on 
several occasions during these six months with attacks of bloody nasal discharge, 
swelling of the right cheek, and fever. Shortly before entry the remaining teeth 
in the right upper jaw had been extracted and most of the antral floor had come 
out with the teeth. A biopsy of the material removed diagnosed it as epidermoid 
carcinoma. He was then referred to us for treatment. 

On admission to the Strong Memorial Hospital there was an obvious firm swell- 
ing of the whole right cheek. The right nares was filled with necrotic purulent 
material. The right maxillary alveolar ridge was replaced by fungating vascular 
tissue which protruded into the oral cavity. This bled easily when touched. The 
right antrum did not transilluminate. A mass of tumor tissue could be seen pro- 
truding through the posterior choanae into the right nasopharynx. X-ray showed 
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destruction of the floor and lateral wall of the right antrum and some destruction 
of the right malar bone. There was also some destruction of the outer wall of 
the right nasal cavity. A biopsy of the tissue protruding into the mouth showed 
squamous cell carcinoma. 

He was given 2,200 R x-ray treatments over the right antrum. During the next 
“four weeks the external swelling decreased a great deal and the tumor in the 
mouth regressed. On March 23, 1939, the skin of the right cheek was turned 
laterally as a flap. The anterior wall of the antrum was replaced by tumor and 
the infraorbital plate was invaded. The antral cavity was filled with soft necrotic 
tumor. This was removed and the eye enucleated leaving a portion of the un- 


involved upper lid. There was no question that tumor remained and the cavity 


was left open for radiation therapy. Three weeks later a radium pack was placed 
in the cavity and a total dose of 1,600 mg. hr. given. As there was still tumor 
tissue along the alveolar ridge this was burned away by cautery about two weeks 
later. The patient was then followed for about two months and a small recurrence 
in the lateral superior portion of the cavity was excised by cautery, and following 
this 780 mg. hr. of radium were applied. He was then observed frequently for a 
vear and had no recurrence (Fig. 2). 

The defect was then closed by a series of surgical steps. These consisted in 
the transfer of a delayed flap from the right half of the forehead to supply an 
epithelial lining for the anterior wall of the cavity. The forehead skin was re- 
placed by grafting the area with a thick dermatome graft from the infraclavicular 
region. The skin covering of the cheek was supplied by the remnant of facial 
skin which had been saved and by a delayed flap from the right upper arm. The 
opening into the mouth cavity was closed by mobilizing mucosa adjacent to the 
defect.’ After eleven major and minor operative steps the cavity was finally 
closed externally and intraorally. This of course left a large cavity where the 
antrum had onee been which communicated with the nasopharynx and the right 
nasal cavity. 

The closure was completed in July, 1941, almost two and one-half vears after 
the antral growth was first resected. Closure of the cavity improved the comfort 
of the patient, since he no longer had to wear a dressing, but he was still dis- 
figured because of the absence of the eve and the marked depression of the cheek. 
The flap transferred from the arm had been provided in excess so that an attempt 
to restore the bony contour could be made. However, this attempt had to be 
delayed because of a persistent sinus at one of the lines of ciosure. The sinus 
was finally closed by excision in November, 1942, after two previous attempts had 
been unsuccessful. 

In March, 1943, four vears after original radical resection, the final operation 
for restoring the skeletal contour was performed. All of the costal cartilage on 
the right side was removed through an oblique incision. This was chopped into 
small particles about % inch square. An incision about 1 inch long was made in 
normal tissue lateral to the position of the right malar eminence. Through this 
opening the inner and outer layers of skin and subcutaneous tissue which had 
been used to close the defect were dissected free medially to the nose, downward 
to the nasolabial fold, and upward to the superior rim of the orbit. This was 
accomplished without perforation of the inner lining as was evidenced by the fact 
that no blood could be recovered by suction from the right nasal cavity or naso- 
pharynx. The cartilage particles were introduced into the space created by dis- 
section and the small lateral incision sutured. The latex mold previously made 
was applied to mold the cartilage particles into the contour of the malar eminence 
and inferior orbital rim. This was held in place by a head dressing. The mask 
was removed on the fifth postoperative day. There was a moderate accumulation 
of serum under the skin over the mass of cartilage. This was aspirated and the 
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form reapplied. The mask was worn for three weeks and at that time the carti- 
lage was firm and attached; the form was discontinued. The patient has been 
seen at intervals since. The graft has not shrunken, has maintained its shape, 
and is an integral part of the face. Fig. 6, the photograph showing final appear- 
ance, was taken six months after the cartilage was cast in place. The patient was 
last seen almost one vear after the cartilage transplant, and there had been no 
shrinkage. 


PRECAST CARTILAGE GRAFTS 


There are certain locations where cartilage grafts of extreme thin- 
ness and elasticity would be desirable. Such grafts could be used to 
duplicate the complicated contours of a lost ear, the missing alar car- 
tilages of the nose, or the tarsal plate of an eyelid. The usual struts 
of cartilage used in restoring lost nasal framework are thick and stiff. 


Fig. 7.—Wax model of an ear cartilage. This was constructed by pouring wax into 
a plaster form reproduced from a cadaver ear cartilage which was selected for size 
and shape to correspond to the ear desired. 


They restore form but do not have normal resilience and by their thick- 
ness tend to narrow the nasal airways. Solid cartilage grafts, when 
used in ear reconstructions, are much more objectionable. They rarely 
can be made to approximate more than grossly the convolutions of the 
external ear, and are thick and heavy. The fact that cadaver ear 
cartilage and living maternal ear cartilage grafts have been resorted 
to by some surgeons is sufficient evidence that the results in recon- 
struction of the ear are far from satisfactory. The failure of attempts 
to restore the ear is due in large part to the inability to reproduce a 
skeletal framework which has exact form, thinness, and elasticity. 
While it might be possible to cast these thin cartilage grafts in situ 
between two layers of skin or between skin and mucosa, this would 
still involve the accurate distribution of the particles in regard to 
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thickness and the accurate retention of complicated forms while the 
vratts healed. After considering the difficulties which might be en- 
countered it seemed more simple to attempt to produce thin, compli- 
cated cartilage grafts by preeasting the particles in a form. The graft 
obtained could then be inserted in the same manner as a solid carved 
graft. 


B. 


Fig. 8.—A, Photograph of fenestrated metal form of ticonium made from wax 
model. B, A drawing of the metal form which shows the contour more clearly than 
photographs. 


We have not used this method as yet for any other purpose than the 
reconstruction of ears. However, the method could be used for any 
type of cartilage graft. 
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Method.— 
1. A wax model of the desired part is made (Fig. 7). 

2. A metal shell is then made from the wax model (Fig. 8). (The 
metal should be nonirritant to tissues. The metal shell illustrated was 
made of Ticonium.*) It is perforated so that capillaries and fibro- 
plasts can enter. 

3. Autogenous costal cartilage is removed and chopped into fine 
pieces. The form is snugly filled with cartilage particles and buried 
in the subcutaneous tissues of the abdominal wall. 

4. After three to four months the form is removed and opened. The 
cartilage particles will have adhered to one another in an exact replica 
of the original wax model (Fig. 9). 


Fig. 9.—Precast cartilage graft on its removal from metal form. This was re- 
moved from the form three months after the form filled with cartilage particles was 
implanted in the abdominal subcutaneous tissues. 


5. The graft thus obtained is inserted under the skin in the desired 
location. The skin is held in contact with the graft by a latex mold 
until adherent (rig. 10). 

The following case report illustrates the precasting of an auricular 
cartilage. This case is not entirely completed, although it has pro- 


*I wish to express my sincere thanks and appreciation to Mr. Joseph Temkin of the 
Standard Dental Laboratories, Rochester, N. Y., and to Ticonium, 413 N. Pearl Street, 
Albany, N. Y., for their interest in this problem. The procedure used in making the 
metal ear shell was described by them as follows: 

“The castings were made with our No. 25 alloy which is somewhat higher fusing 
than the No. 70 ordinarily used for dentures. This made it impossible to use the 
regular investment materials and a special high heat investment was employed. 

“The procedure was as follows: The wax pattern of the ear which the doctor 
submitted was flasked and cast. This casting was then polished. Just before the last 
polishing operation it was mounted in plasticene so that impressions could be taken, 
first of the back and then of the front surfaces. Stone dies were first run up in these 
impressions and then working investment models were run up. Twenty-eight gauge 
wax sheet was cut into strips and adapted on the stone dies, then transferred to the 
working investment model and sealed down. The separate shells for the front and 
rear surfaces were thus formed. Care had to be taken that the edges of both pieces 
would match so that the two castings would fit together to form the hollow shell the 
doctor wanted. 

“The complexity of the ear structure makes adaption of the wax strips difficult 
and considerable skill is required in this part of the operation.” 
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eressed to the point where the ear has been brought out from the head. 
The graft has retained its form and gives the promise of being supe- 
rior to the usual attempt at reconstruction of the ear. This case will 
be reported shortly in its entirety. 


A. B. 

Fig. 10.—A, The appearance of the ear to be restored. B, The precast auricular 
eartilage graft was inserted under a delayed flap three months before this photo- 
graph. The rim of the ear is just below and under the hairline. The line of the 
antihelix stands out sharply. 


CASE REPORT 


A.T. (S. M.H., No. 199375), a 25-year-old married white man, first consulted 
me in December, 1942, regarding a deformity of the left ear. He had lost al! of 
the ear, except the lobe, in an auto accident twelve years before. At that time 
an unsuccessful attempt had been made to reconstruct the missing part. 

The ear when I first saw the patient was as illustrated in Fig. 10 4. The ecar- 
tilaginous superior portion of the ear was absent. The lobe was normal. The 
meatus was covered by a small roll of scarred skin which the patient stated was 
the net result of the previous attempt at reconstruction. This caused diminished 
hearing on the left side. 

The patient stated that he had worn an artificial ear for a short period but that 
the inconvenience was so great that he preferred to go without it. He wanted the 
ear reconstructed if there was a reasonable prospect of success. The procedure 
was outlined for him and he decided to take the chance. 

Plans for the reconstruction were made prior to hospital admission. A ecom- 
plete plaster cast of the head was made. The missing ear was modeled on this it 
plasticene. This was modeled to match the normal ear as closely as our ability 
allowed. A cadaver ear cartilage was then selected which corresponded in size 
and configuration to the ear to be reconstructed. A plaster cast of this cartilage 
was made in three sections and a wax model of the ear cartilage was obtained. 
(Fig. 7.) 
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This model was then taken to a sympathetic dental laboratory and the problem 
explained. After several trials a metal fenestrated form was made of ticonium 
which was acceptable (Fig. 8). 

The patient was then admitted to the hospital. On May 1, 1943, the first stage 
of the reconstruction was carried out. Under general anesthesia a piece of costal 
cartilage about 2 inches long and %4 inch wide was removed from the right side. 
The cartilage was chopped into particles about 4, inch square. A smail amount 
of cartilage was grafted into still finer particles on an ordinary kitchen vegetable 
grater. The ticonium shell was packed with cartilage particles and the two halves 
held together with silk ties around the periphery. An incision about 2 inches 
long was made over the lateral border of the right rectus at about its mid-point. 
A pocket was made by blunt dissection between subcutaneous tissues and rectus 
fascia. The cartilage-filled metal shell was buried in the pocket so that no part 
of it lay underneath the incision through which it was introduced. The wound 
was closed with silk and a snug compression dressing applied over the form, A 
flap, the shape of an ear, was elevated in the left mastoid region and delayed. 

The patient did well, no serum collected about the form, the wounds healed per 
primam, and he was discharged from the hospital on the seventh postoperative 
day. The patient returned to work in about two weeks and follow-up was con- 
tinued at infrequent intervals in the office. On July 7, 1945, two months after the 
insertion of the form, the flap in the mastoid region was further elevated and 
delayed under local anesthesia without hospitalization. 

On Aug. 10, 1943, the patient was readmitted to the hospital and the form 
buried in the abdominal wall removed under general anesthesia. The tissues were 
so firmly adherent to the form that it had to be removed by sharp dissection. 
It was covered by a thin layer of young, slightly yellow fibrous tissue. The form 
was opened and the cartilage removed without great difficulty. A perfect replica 
of an ear cartilage was obtained (Fig. 9). The particles could still be seen on its 
surface and the cartilage was somewhat soft. It was resilient, could be bent to 
an angle of 45 to 60 degrees, and would slowly return to its original shape. 
From the appearance of the graft and a comparison with similar grafts obtained 
over longer periods of time in dogs, it would probably have been better to have 
allowed the form to remain buried for six months or longer rather than the three- 
month period allowed. The flap in the mastoid region was elevated and the ear- 
tilage form inserted. It was found that in order to do this the scalp had to be 
undermined about % inch posterior to the flap and the rim of the cartilage allowed 
to rest under hair-bearing skin. In retrospect it would probably have been better 
to have supplied a little excess skin at the periphery of the hairless mastoid skin 
prior to insertion of the graft. This would have allowed the graft to rest under 
hairless skin and moreover would have lessened the chance of distortion of the 
graft due to the tightness of the skin over it. The incisions were closed and a 
latex form strapped in place to maintain the mastoid skin in close approximation 
to the graft. 

There were no complications postoperatively. There was quite pronounced edema 
of the skin over the graft and a small amount of serous fluid accumulation. The 
edema subsided slowly and as it did the outline of the ear became evident (Fig. 10). 

On Nov. 4, 1943, about three months after insertion of the precast cartilage 
graft, the graft was dissected free from the head leaving the skin attached ante- 
riorly and the cartilage covered by a thin layer of soft tissue posteriorly. The 
posterior surface of the ear and the mastoid area was covered with a free full- 
thickness skin graft. The graft took incompletely on the posterior aspect of the 
ear, undoubtedly due to evident poor circulation at the periphery of the flap of 
skin and attached cartilage; the mastoid skin graft took in its entirety. How- 
ever, in spite of this only a few particles of cartilage were lost on the rim of the 
ear superiorly. The wound granulated and was covered with a split-thickness 
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graft. February, 1944, the ear was in this condition; it stood out from the head 
and had good convolutions; it was almost as thin as the normal ear. The car- 
tilage graft in the six months it had been in place had shown no signs of dis- 
integrating or losing shape. Its long-term fate will be reported. 


SUMMARY 


Cast Cartilage Grafts—The best material for use in the restoration 
of lost parts of the facial skeleton is autogenous costal cartilage. It 
has long been used as solid grafts carved to the desired shape. This 
method has disadvantages. Among these are the lack of large enough 
pieces of cartilage to restore large losses, the inability to model the 
grafts to exact shape in the short time available at operation, the diffi- 
culty of fixation, and the tendency of solid cartilage grafts to subse- 
quently warp. 

Previously reported animal experiments show that small bits of car- 
tilage buried together in the subcutaneous tissues adhere by fibrous 
tissue. In this way grafts of cartilage having the physical properties 
of elastic fibrocartilage can be produced. 

This method has been used in restoring lost facial contour. The fine 
details of facial form can be restored by implanting a mass of cartilage 
particles subcutaneously and maintaining them in exact shape as they 
heal together by appropriately constructed latex forms. The implanted 
cartilage is thus cast in situ in an exact predetermined replica of the 
part desired. 

Precast Cartilage Grafts —In certain locations thin, elastic, cartilage 
grafts of complicated contour are desirable. In reproducing the car- 
tilage, for example, of an ear, even greater difficulties are encountered 
if an attempt is made to use a solid carved graft. Cartilage of suffi- 
cient size is not available and the carving of the complicated contour 
is time consuming and difficult. An exact replica of an ear cartilage 
can be reproduced by filling a fenestrated metal form with finely 
divided cartilage and burying this in the subeutaneous tissues. In 
three months’ time the particles are adherent and can be removed 
from the form as a thin, elastic sheet of cartilage which has the exact 
contour of the detailed configuration of an ear. This replica of ear 
cartilage can be used as the skeletal support for reconstruction of the 
ear, will retain its form and shape, and when covered with mastoid 
skin closely simulates a normal ear. 
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SURGICAL TREATMENT OF LONG-STANDING DEEP 
PHLEBITIS OF THE LEG 


A PRELIMINARY REPORT* 
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C. A. Moyer, M.D., anp F. A. CouuEer, M.D. 
ANN ARBor, MICH. 
(From the Department of Surgery, University of Michigan) 


REATMENT of the incompetent or insufficient veins of the lower 

extremities has occupied the enthusiasm of the profession at inter- 
vals. With each wave of enthusiasm a modicum of progress has been 
made. Much of the recent progress has centered upon the recognition 
and acceptance of two etiologically different forms of venous thrombosis, 
the metastatic tendencies of these, and a rationale of treatment. To 
most, the terms thrombophlebitis and phlebothrombosis' are now well 
known. Every physician has encountered the patient who has had a 
pulmonary embolus. Its relationship to phlebothrombosis is now recog- 
nized and femoral vein ligation is employed, as a preventative measure, 
with excellent and well-authenticated results. 

The patient with the acute suppurative and nonsuppurative postop- 
erative, postparturient, or post-traumatic phlebitis has likewise received 
much attention and many forms of treatment.? Perhaps the most sue- 
cessfully treated are those in whom the superficial venous systems of the 
legs have been involved. Success in varying degrees has been obtained 
by treatment ranging from the ultraconservative heat, rest, and eleva- 
tion to lumbar sympathetic block,*® iontophoresis,‘ anticoagulant ther- 
apy,’ and surgical ligation.® 

A large portion of the patients seen in many vascular clinies over the 
country fall into the less fortunate group of ‘‘chronies.’’ In these 
patients swelling of the leg or legs has persisted over a long period of 
time. The skin has become thickened, infiltrated, and pigmented, the 
leg is heavy and painful, especially with long standing and the later 
sequelae of dermatoses, and indurations and ulceration are frequently 
present. To this group of patients we wish to draw particular atten- 
tion. 

If one looks back over the various methods of treatment of the dis- 
eases of veins of the lower extremities he is impressed with the fact that 
the progress of treatment has far outstripped our actual knowledge of 
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the physiology and mechanics and even the anatomy of this portion of 
the vascular tree. The earliest forms of attack were clearly definitive 
and were directed at the removal or obliteration of the large, unsightly, 
troublesome superficial varicosities of the leg. Celsus’ exposed these 
veins with various incisions, ‘‘separated from each other by the breadth 
of four fingers,’’ and destroyed them with the cautery or cut them at 
various points and tore out the segments between. Paulus of Aegina’ 
(about 660 A.D.) appears to have opened the trunk of the saphenous 
vein especially for the purpose of removing a thrombus and to have 
ligated the vein following this removal. Mareus Aurelius Severinus® 
also advised excision of varices and apparently was familiar with the 
favorable influence of this procedure on crural uleers. Ambroise Paré,’ 
although basing his views on a false theoretical foundation as to the 
direction of the blood flow in the normal saphenous veins, was correct 
in advising their ligation. Fabricus Hildanus,’ in 1589, gave an ex- 
cellent description of a large varix with an associated chronic ulcer 
treated by him and cured by saphenous ligation. 

That the ligation of the saphenous vein fell into some oblivion may 
be due to the discovery of the circulation. Inasmuch as the venous 
trunks were only efferent passages for the conduction of the blood and 
the varicose dilatation was due to congestion, how could ligation of the 
trunk be of benefit? It is said that John Hunter,’ in the latter part 
of the eighteenth century, recommended compression of the vein above 
a thrombus in order to produce adhesive occlusion of the vessel above 
an obstruction. At the end of this century Everard Home’ again took 
up the idea of saphenous ligation and ligated the trunk of the saphenous 
just below the knee joint in twelve cases in order to heal ulcers of the 
leg and bring about a regression in the varicosities. Henry Lee,’ in 
1865, cured several cases of purulent thrombophlebitis of superficial 
veins of the extremities by ligation of the veins above the affected areas. 


Kraussold,® in 1878, was apparently the first to resort to femoral 
vein ligation. He was able to cure pyemia following infection of an 
amputation wound by ligation of the femoral vein with resection of a 
portion of this venous trunk. Gluck,® in 1896, reported a postabortion 
septic thrombophlebitis of the long saphenous vein cured by ligation 
of the common femoral vein. Miiller,® in 1909, reported a similar ease. 

In this country Griess,* in 1913, was probably the first to resect the 
femoral vein for septic thrombosis. 


Since this time many authors have reported femoral ligation upon 
various indications, most of which are acute processes such as sup- 
purative thrombophlebitis, direct trauma to the vein, and phlebo- 
thrombosis. Homans® stated that ‘‘it is reasonable to assume that an 
old, sclerosed, canalized femoral or external iliae vein is better di- 
vided.’’ He further states that he has never performed division of 
such a vein for back pressure alone but ‘‘I am sure that the procedure— 
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barring the risk of any such operation in patients of middle age or 
beyond—will always do good and never harm.’’ 

Progression in our clinical knowledge of the response of patients to 
venous ligation has been followed apace by higher and higher ligation 
of the venous tree. Ligation or excision of the pelvie veins in the 
treatment of suppurative thrombophlebitis of puerperal origin was ad- 
voeated by Bumm and Trendelenburg and others.> In 1921, Martens? 
reported eleven gynecologic cases of thrombophlebitis in which ligation 
of the ovarian vein as well as that of the internal or common iliae vein 
was done. In two cases the inferior vena cava was successfully ligated. 
Caval ligation is still done with some temerity but with increasing fre- 
quency. 

The venous system in the lower extremity, like that in other portions 
of the body, shows numerous variations from the so-called normal. In 
general, venous blood is returned, all or in part, through five groups 
of vessels:° (1) deep veins of the leg; (2) superficial veins of 
the leg emptying into the femoral; (3) superficial veins emptying into 
the popliteal vein; (4) superficial and deep veins emptying into the 
internal iliae veins; and, (5) the communicating veins. 

Much of our recent knowledge of the veins of the legs is derived from 
venographie studies after the injection of an opaque medium. The 
normal venous tree as described by Gunnar Bauer" and interpreted 
from almost 100 venographie studies is as follows: 

Femoral Vein: The femoral vein appears as a thick cord ascending in a slightly 
medial direction from a point a little above the knee joint. Malformations or aplasia 
are rare. Bulbous thickenings appearing in the course of the vein indicate the 
presence of valves. 

Popliteal Vein: The popliteal vein is considerably less uniform than the femoral, 
being subject to wide anatomic variation. Its length is highly variable depending 
upon whether the tibial veins unite at a high or low level. The vein is double in a 
large number of cases, 

Anterior Tibial Vein: For its whole course, the anterior tibial vein is usually 
seen beginning in the retromalleolar area and projected free in the space between 
the tibial and fibular shadows. Ordinarily this vein is double for the whole of its 
length, or at any rate along its lower course; sometimes it is multiple and appears 
as a large group of thick trunks. 

Posterior Tibial Vein: The posterior tibial vein, because of its poor anastomoses 
with the small saphenous vein, the vein usually used for opaque injections, is less 
well known in the lower one-third of the leg. In its upper two-thirds the vein 
is practically always doubled, passing in a lateral direction against the tibial shadow 
toward the popliteal vein. 

Muscle Veins: The most constant of the muscle veins are the lateral and medial 
sural veins, which are always double and bring blood from the two bellies of the 
gastrocnemius muscle. They empty into the popliteal vein almost exactly at the 
knee joint gap. 

Peroneal Vein: The peroneal is a very inconstant vein and its caliber is small. 
Occasionally it can be seen coming from a lateral direction, crossing the shadow of 
the anterior tibial vein and opening into the upper end of the posterior tibial vein. 
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Superficial Cutaneous Veins: The greater and lesser saphenous system, while less 
constant than most of the deep veins, is quite well known and its branches are well 
described in most anatomy texts. 


The number and location of valves vary in different veins and for 
the same vein in different individuals. One relationship which is 
fairly constant for valves is their association with tributaries. A valve 
is almost constantly found just below the ostium of a moderate-sized 
tributary. Hesse and Schaack'’ found the valve in the femoral vein 
just above the entrance of the long saphenous vein present in 77 per 
cent of cases. Eger and Casper,'® in a series of thirty-eight cadavers, 
studied the valvular distribution in the external iliae and femoral veins 
proximal to the orifice of the great saphenous and found that in no 
vein was more than one valve present and that valves were bilaterally 
absent in 7.9 per cent of the cadavers and unilaterally absent in 28.9 
per cent. Unilateral absence was almost twice as frequent on the left 
side as on the right. There are no valves present in the vena cava or 
common iliae veins. 

Like the arterial adventitia, the outer coat of the large veins is sup- 
plied with a rich ramification of sympathetic nerve fibers. Conse- 
quently, as in the case of arterial thrombosis, the inflammation of the 
outer mural layers in venous thrombosis is attended by irritation of 
these sympathetic elements. Further, as is quite natural, the adventitia 
of the adjoining artery is also affected by the periphlebitic changes, and 
the svmpathetic nerve fibers here are also irritated to a great extent. 
Thrombosis of the femoral vein is therefore attended by a universal 
vasospasm in the leg. 

In viewing the patient with a long-standing, deep, chronie thrombo- 
phlebitis, one is impressed by at least three possible factors contributing 
to the visible effects of the disease: (1) thickening and tortuosity of 
the walls of a vein and final destruction from scarring of a part or 
all of its valves; (2) vasospasm, resulting in a cold, cyanotie extremity ; 
and, (3) often a brawny edema suggesting a variable element of 
lymphatie obstruction. 

Obviously the femoral or iliac veins, once thrombosed, lose the func- 
tion of their valves so that in the erect position blood must pour down 
a valveless vein and returning blood must take, in part, ecllateral 
valved pathways. When the phlebitie process is extensive even these 
must be, in part, incompetent. 

Homans® described three types of vasospasm associated with a fem- 
oroiliae thrombophlebitis: (1) The diffuse peripheral type, thought to 
occur principally in the venules, and believed to be an important cause 
of the edema of phlegmasia alba dolens; (2) that represented by a sud- 
den constriction of the great artery accompanying the thrombosed vein ; 
and, (3) the late, diffuse peripheral spasm, related to the early acute 
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type, which may remain for vears after the initial phlebitie attack has 
subsided. 

Under the clinical circumstances of venous block, or increased venous 
pressure, all of the factors making for increased lymph formation—in 
the sense of added capillary filtration—will operate; but lymph will not 
flow rapidly from the part unless such measures as active or passive 
motion or posture are taken which assure movement of fluid in the 
lymph eapillaries.'* 

The solution of the problem presented in the light of these factors 
then depends upon the release of vasospasm and the introduction of a 
procedure to replace the destroyed valvular system in the femoral vein. 
We have attempted to solve these two problems by ligation of a portion 
of the femoroiliac system. We have not had satisfactory permanent 
results with repeated lumbar sympathetic novocain blocks, nor have 
we been in any way fully convinced of the importance of permanent 
lymphatic obstruction in any of our patients. 

Up to the time of this writing we have performed femoral ligations 
upon twenty-one patients for chronic deep thrombophlebitis. In one of 
these patients subsequent ligation of the vena cava was necessary. As 
yet no ligations of the iliae veins alone have been carried out for this 
disease. Whenever superficial varicosities were present in these pa- 
tients, ligation of the varicosities was done before the decision to in- 
stitute femoral ligation was made. No injection therapy was used in 
conjunction with the ligations. In those patients in whom ulcerations 
have persisted, when swelling and pain have not been relieved, or in 
whom venograms have demonstrated block or varicosities in the deep 
venous system, the femoral or caval systems have been ligated. Venog- 
raphy was not carried out on our patients unless symptoms persisted 
after the indicated ligations had been carried out in the superficial 
systems so that ligation of the deep systems was never based upon 
venographie evidence of the disease alone. We have attempted to limit 
ligations to individuals of less than 55 years of age, although two pa- 
tients were older than this empirical age limit at the time of ligation. 
No patient with demonstrable advanced arterial disease has been ae- 
cepted for this procedure. 

At the time of this communication, it has been five months since the 
first patient had femoral ligation for chronic deep thrombophlebitis. 
In no instance has demonstrable harm been done to any patient. 


A very striking and immediate relief of pain about an uleer occurred 
in the majority of patients. Several patients expressed relief of pain 
as soon as the ligature was tied about the vein. Almost all had some 
increased swelling of the leg for at least the first forty-eight hours fol- 
lowing ligation. Ligation has been done above the level of the profunda 
femoris in those patients with a history or clinical evidence of swelling 
above the knee, and in these patients the immediate increased swelling 
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has included the thigh. In no ease has lumbar sympathetie injection 
accompanied the operative procedure. 

We have observed very interesting, and in some instances very trouble- 
some, sequelae. One of the most troublesome has been the frequent 
appearance of superficial varices in the lower leg several weeks follow- 
ing femoral ligation. In several of our patients progressive healing of 
an uleer has oceurred, healing has then ceased, and the uleer has en- 
larged or reappeared after healing has occurred, with the appearance 
of superficial varices. Our method has been to ligate these veins as 
quickly as they appear. Six of the twenty-one patients have required 
subsequent serial ligation of superficial veins which have appeared since 
ligation of the femoral vein. 

A second complication which has produced considerable concern is 
the persistent or increased swelling of the leg and thigh after operation. 
It has been our policy to mobilize these patients within forty-eight 
hours after ligation. In seven patients this has been followed by per- 
sistent or increased swelling. In four patients this has been controlled 
by a short period, one to two weeks, of bed rest. The other patients in 
this group have been unable to accept this form of treatment. 

One patient returned to the hospital for incision and drainage of an 
abdominal abscess (not related to ligation) four months after the liga- 
tion of the femoral vein for a suppurative thrombophlebitis superim- 
posed upon a long-standing chronic thrombophlebitis with ulceration. 
Forty-eight hours following this operation symptoms of an acute arterial 
embolism in the popliteal artery appeared. No relief was obtained by 
repeated lumbar sympathetic novocain blocks and amputation was done 
after demarcation had occurred. We do not feel that the femoral liga- 
tion, done four months before, was in any way a contributory factor in 
this patient. The leg had been completely asymptomatic, without 
swelling or recurrent ulceration, in the interim. 

A second patient, following femoral ligation, developed increased, 
bilateral leg edema associated with dilated thoracoabdominal veins that 
were more marked on the side of the femoral ligation. Ligation of the 
inferior vena cava was performed subsequently and the bilateral edema 
has subsided although the patient is yet too early in his convalescence 
to show convincing evidence of improvement. Obviously this patient’s 
first ligation was done distal rather than proximal to the level of his 
disease. 

Fourteen of the twenty-one patients treated in this manner have had 
chronic leg ulcers which have been present continuously or intermit- 
tently for from three months to thirty-five years. In all fourteen pa- 
tients uleers were present at the time femoral ligation was done. <A 
striking response, following ligation, has been the relief of pain in the 
majority of the patients. In four patients complete healing of the 
ulcer or ulcers has occurred, while in another four healing is progressing 
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at a satisfactory rate. In four patients no noteworthy change has oe- 
curred in the size of the ulcer and in three patients the ligation has been 
done too recently for observable change to appear. In one patient in 
whom no noticeable change has occurred in ulcer size, the uleer has been 
recently excised and the area grafted. This patient’s swelling has sub- 
sided and the leg and thigh are no longer painful. The ulcer itself re- 
mained persistently painful and was therefore excised. 


SUMMARY 


In twenty-one patients femoral vein ligation has been done for 
chronic deep thrombophlebitis. In one patient a subsequent ligation 
of the vena cava was necessary. The first ligation in this series of pa- 
tients was done in September, 1948. 

Sixteen of the twenty-one patients so treated have shown definite 
improvement. In no patient bas definite harm been done. 

Those patients with clinical and venographie evidence of deep 
thrombophlebitis, whose symptoms have failed to improve following 
high and low ligations of existing varicosities in the superficial venous 
systems, have been advised to have ligation of the femoral vein. No liga- 
tions have been done in patients with advanced arterial disease. 

Six of the twenty-one patients have developed superficial varices 
following femoral ligation and these have been ligated as they appeared. 

In seven patients persistent or increased swelling of the leg has oc- 
curred following ligation. This swelling has been controlled in four 
patients by a short period of bed rest. In three patients a period of 
bed rest has not been practicable. 


Fourteen patients have had chronic leg ulcers at the time of femoral 
vein ligation. Following ligation, complete healing of the ulcers has 
taken place in four patients, healing is progressing satisfactorily and 
steadily in four other patients, wnile in an additional four patients no 
change in the size of the leg ulcers has occurred. In three patients op- 
eration has been done too recently for demonstrable change to be noted. 
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SWELLING OF THE UPPER EXTREMITY FOLLOWING 
RADICAL MASTECTOMY 


CRANSTON M.D., Barton McSwarn, M.D., anp 
JoHN M. Beau, M.D., New York, N. Y. 


(From the Department of Surgery of the New York Hospital and Cornell 
University Medical College) 


INTRODUCTION 


FTER having seen a patient who developed swelling of the arm two 
and one-half years after radical mastectomy, we became interested 
in trying to determine the cause of such swelling. 

We have examined 100 patients subjected to radical mastectomy, the 
period of time elapsing since operation ranging from six months to 
eleven years. These were not consecutive cases and were selected on 
the basis that they were available for follow-up examination during 1943. 
The arms of these patients were measured, the presence or absence of 
swelling noted, and data collected relating the swelling to grafting, in- 
fection, recurrence, and roentgenotherapy. 


HISTORICAL 


Matas defined elephantiasis as ‘‘a progressive histopathological state 
characterized by chronic inflammatory fibrosis and hyperplasia of the 
dermal and hypodermal tissues, which is preceded by and associated 
with venous and lymphatic stasis.’’ In this series there was no instance 
in which the clinical findings were compatible with this definition. 

Of the seventy patients who had some degree of swelling, the axillary 
vein had not been ligated nor was it blocked by tumor. Furthermore, 
venous engorgement and superficial venous collateral circulation was 
noted in no instance. We shall refer to this condition simply as swelling 
of the arm. 

Halsted stated that ‘‘although blocking of the lymphatics, and oe- 
easionally also of the veins, was the underlying factor, infection played 
a conspicuous part in the determination of the amount of swelling and 
the time of its manifestation.’? He described one patient who, three 
years and three months after radical mastectomy, developed lymphan- 
gitis of the arm. Swelling began_simultaneously, was extreme in a few 
days, then decreased but failed to disappear after the infection sub- 
sided. Another case was recorded in which the patient had slight wound 
infection and during the succeeding ten years had one to four attacks 
yearly of redness and swelling of the arm. Halsted found that swelling 
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occurred less frequently after he abandoned the incision down the arm 
and started reconstructing a high axilla which eliminated dead space 
below the clavicle and permitted free motion of the arm. 

Halsted and Reichert amputated the hind legs of dogs leaving only 
the femur and the media and intima of the femoral artery and vein 
intact, and carefully reapproximated the tissues. They demonstrated 
regeneration of the superficial and deep lymphatics and were unable to 
produce permanent edema by injecting India ink, or to effect true in- 
fection in the animal’s leg. 

Reichert stated that he had records of two cases in which the axillary 
nodes had been excised (one for carcinoma of the breast, the other for 
earcinoma of the hand) and ‘‘in which incipient elephantiasis was pres- 
ent due to repeated attacks of malaise, fever, and vomiting, associated 
with pain and swelling of the affected extremity following the eating 
of shellfish.’’ 


ANALYSIS OF CASES AND DISCUSSION 


Measurements of circumference were arbitrarily made 10 em. above 
the tip of the olecranon, at its tip, and 10 em. below it. In several 
normal subjects who were measured, the greatest difference in cireum- 
ference of the arms of right-handed individuals was found to be 1 em. 
or less. Except in very thin patients the presence of swelling is not de- 
tectable if the difference between the arms is less than 3 em.; and in two 
instances, in which the difference was 4.5 em., swelling had not been 
noted. Thus, it is apparent that a significant degree of swelling may 
exist without recognition unless measurements are made. 

An analysis of the cases studied is shown in Table I. The percentage 
of swelling was slightly lower in those cases in which primary grafting 
was done (65 per cent) than in those without grafting (88 per cent). 
The percentage of marked swelling—6 cm. or more—was approximately 
the same, being 11 per cent for those with graft and 10 per cent for 
those without. 

It seems that axillary metastasis does not contribute to swelling, for 
66 per cent of those with axillary metastasis had measurable swelling, 
as compared with 71 per cent of those without involvement of the nodes. 

In 26 per cent of the patients who received roentgenotherapy, there 
occurred no instance of swelling and the same is true of 37 per cent of 
those not so treated. Of the remaining 74 per cent who were irradiated 
and who developed swelling, eleven patients, or 17 per cent, had marked 
swelling. On the contrary, in cases not given roentgenotherapy, not one 
developed marked swelling. 

The term infection, as used here, applies not only to wound infection, 
but to any infection in areas drained by the lymphatics of the axilla in 
question. ‘‘Early infection’’ is used to denote infection before the 
wound was healed. ‘‘Late infection’’ indieates infection arising after 
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TABLE I 


RELATION OF SWELLING OF ARM TO GRAFTING, AXILLARY METASTASES, ROENTGENO- 
THERAPY, INFECTION, LOCAL RECURRENCE, AND WOUND HEALING 


PATIENTS WITH SWELLING? 
3 CM. OR 6 CM. 
MORE BUT OR 

NOT 6 CM MORE 


NUMBER PATIENTS 
OF WITH NO UNDER 
CASES SWELLING 3 CM, 


Total number of patients ex- 

amined 1001 30 26 33 11 
Patients with primary graft 711 (85%) 16(23%) 22 (31%) 8 (11%) 
Patients without primary 


graft 29 5 (17%) 10 (35%) 11(388%) 3 (10%) 
Patients with axillary 
metastases 322. 11 (34%) 8 (24%) 11 (384%) 2( 6%) 
Patients without axillary 
metastases 693-20 (29%) 18 (26%) 22 (32%) 9 (13%) 
Roentgenotherapy admin- 
istered 662 17 (26%) 15 (23%) 22 (33%) 11 (17%) 
No roentgenotherapy 35 13 (87%) 11 (381%) 11(31%) 
Patients with infection 
Early infection 188 3 (17%) 6(33%) 4(22%) 5 (28%)8 
Late infection 25 0 8 (382%) 9(39%) 8 (32%) 
Patients without infection 59 27 (46%) 12 (20%) 20 (34%) 0 
Patients with skin recur- 
rence of 2 ] 2 
Healing per primam 14 6 (48%) 4(28%) 1( 7%) 3 (22%)5 
Healing by secondary inten- 
tion 866 24 (28%) 22 (25%) 32 (37%) 8( 9%) 


1Three patients had bilateral mastectomies, 


One patient had two radical mastectomies (only thirty-two patients with axillary 
metastases; sixty-five patients receiving x-ray therapy). 


3One patient had bilateral mastectomies with metastases in one axilla only. 
4Two of the five patients had grafts, three did not. 


‘Two patients had late infections and one had chronic paronychia at the time of 
operation. 


®All patients who had 3 cm. swelling or more did not heal per primam except four, 
three of whom were noted.® 


7Measurements listed here are the greatest difference in circumference of two arms. 
‘Two patients had early and late infection. 


healing of the mastectomy wound. Examples of early infection are 
sloughing of the graft or skin flap with associated purulent discharge, 
axillary abscess, and lymphangitis. Roentgen-ray dermatitis, paro- 
nychia, burns of the hand, and dog bites are examples of late infection. 
There were only six instances of wound infections; one with erysipelas 
of the wound, one with cellulitis of the tissues surrounding the wound, 
and four with frank pus from sloughing skin flaps. Close questioning 
of the patients revealed that forty-one had some type of infection at 
some time between operation and final follow-up examination. Marked 
swelling never developed in patients who did not have a record of in- 
fection. Only three patients with early infection escaped swelling and 
all with late infection developed it; furthermore, all eleven patients 
with marked swelling had either early or late infection or both. 

The statement has appeared in the literature and the belief is com- 
mon in the lay mind that swelling of the arm indicates recurrence of 
carcinoma. In this series there were only five cases of local recurrence, 
three with slight or moderate swelling and two with no swelling. Ax- 
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illary recurrence did not occur. Thus, sixty-seven patients showed 
some degree of swelling without local or axillary recurrence. 

Healing by ‘‘primary intention’’ is a term which probably cannot 
fairly be applied when primary skin grafting is done. In addition, our 
classification was rigid and if there was even one area of granulation 
tissue, such a case was listed as closed by secondary intention. Conse- 
quently, healing by primary intention could be said to have occurred 
in only 14 per cent of patients. Forty-three per cent of those healing 
per primam had no swelling, as contrasted with 28 per cent of those 
healing by secondary intention. Of the three patients in whom heal- 
ing was per primam and who developed marked swelling, two had late 
infections and one had a paronchyia at the time of operation. 

Primary skin grafting appeared to have little bearing on the de- 
velopment of swelling (see Table II). Swelling was present in all of 
the twenty-nine patients who had both roentgenotherapy and infection. 
Similarly, all who developed marked swelling had both roentgenother- 
apy and infection. 

Table III gives an analysis of the eleven patients who developed 
marked swelling of the arms, that is of 6 em. or more difference in cir- 
cumference of the arms. The site of measurement which gave the max- 
imum figure was usually above the olecranon, but was occasionally at 
the olecranon or below it. All patients except two had primary grafts. 
The interval between operation and marked swelling ranged from one 
month to two and one-half years. Eight patients had irritation of the 
skin from roentgen ray ranging from marked dermatitis with serous 
exudation to frank ulceration with purulent discharge. In addition, 
one had a wound infection two months after operation, one had partial 
sloughing of a flap with infection, and one had psoriasis of the elbow 


TABLE II 


RELATION OF SWELLING OF ARM, IN PATIENTS WITH AND WITHOUT PRIMARY GRAFT, 
TO INFECTION AND ROENTGENOGRAPHY 


eT NUMBER AMOUNT OF SWELLING 

NUMBER oF CASES LESS. OR MORE 
WITHOUT THAN BUT NOT 
SWELLING 3 CM. 6 CM. 


6 CM. OR 
MORE 


Without in- 
fection with graft 16 (22%) ( 6%) - 
Without without graft 7 (24%) 7%) 
x-ray 
With infee- 
tion with graft 8 (11%) 3( 4%) 
Without without graft 4(14%) 1( 3%) 7%) 
x-ray 
Without in- | with graft 25 (35%) 15 (21%) 4%) 0 
With without graft 11(38%) 2( 7%) 
with graft 22 (31%) 0 8% 8 (13%) 
With x-ray without graft 7 (24%) 0 : 1( 38%) 3(10%) 


Total 100 
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before and after operation. Of the three patients who did not have 
roentgen-ray dermatitis, one had a chronic paronychia at the time of 
operation, one had a wound infection three weeks after operation, and 
one had a dog bite on the hand two and one-half years after operation. 
The time interval between the occurrence of infection and the appear- 
ance of swelling ranged from two weeks to four months. This recorded 
interval probably is much longer than the true one as some patients 
were not followed at intervals shorter than three months and the exact 
date of swelling noted on the records is often later than that of its 
actual appearance. The only other explanation of the lag between 
infection and swelling is that late fibrosis may result in lymphatie 
blocking. In patients in whom radical mastectomy with the usual wide 
dissection of tissues of the axilla and surrounding area has been done, a 
fine balance exists between the afferent and efferent vessels. Whether 
or not swelling of the arm develops appears to depend upon whether 
the remaining lymphatics of the arm are sufficient to drain the arm of 
lvmph. Infection may immediately cause destruction or blocking of 
Ivmphaties with concurrent swelling. In other instances swelling may 
not develop until later when postinfectional fibrosis has blocked even 
more lymphaties. 

As far as could be determined, roentgenotherapy per se did not tend 
to cause swelling unless it was associated with dermatitis, when the 
swelling was apparently attributable to it. 

Of the seventy patients who had swelling, only eleven had differences 
of circumference of the arms of 6 em. or more. The function of the arm 
was good in ten of these and fair in the eleventh. Of the fifty-nine who 
had lesser degrees of swelling, forty-nine had good function and ten had 
fair function (see Table IV). Swelling did not incapacitate any pa- 
tient but caused only such symptoms as heavy feeling, slight loss of 
strength, and occasional aching. All patients in this series were men- 
tally adjusted to the presence of swelling. 


TREATMENT 


After swelling of the arm has developed, the treatment is unsatisfac- 
tory. Conservative measures such as suspending the arm at night, 
gentle massage, and rest are rarely of lasting benefit. Some of the pa- 
tients in this series thought that use of the arm increased the swelling, 
but a few stated that the swelling diminished after use. Operative 
measures such as the Kondoleon operation, ligation of the axillary vein, 
as advocated by Buxton and associated for deep thrombophlebitis, or 
fixation of the arm to the chest wall (Standard), were not justified in 


this series. 


PREVENTION 


Every effort should be made to secure primary wound healing and 
to prevent the collection of serum under the flaps. All possible precau- 
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TABLE LV 
INFLUENCE OF SWELLING ON FUNCTION OF THE ARM 


FUNCTION 


GOOD FAIR POOR 
Total cases with marked swelling 11 10 I 0) 
Total cases with moderate or little swelling 59 49 10 0) 


Total cases with swelling 


tions should be taken to avoid roentgen-ray dermatitis by discontinu- 
ing therapy temporarily, rather than permitting ulceration to occur. 
Just as patients with diabetes are instructed to care for their feet, these 
patients should be instructed in the care of the hands and urged to give 
prompt attention to even minor wounds and infections. It is important 
to prevent psychic trauma by warning all patients of the possibility 
of swelling before it occurs and assuring them that it does not mean 
that cancer has recurred. 


SUMMARY 


One hundred patients subjected to 103 radical mastectomies have 
been examined with particular reference to swelling of the arm. The 
results of the study are summarized in Table V. 


TABLE V 


SUMMARY OF RESULTS OF THE STUDY 


MARKED 
SWELLING 


NO 
NUMBER OF SWELLING 
SWELLING 


(percent) (PERCENT) cENT) 
Grafted 71 35 65 11 
Not grafted 29 17 83 10 
Roentgenotherapy 65 26 74 17 
No roentgenotherapy 35 37 63 0 
Infection 41 7 93 27 
No infection 59 46 54 0 


30 70 1] 


Total 


The relation of swelling to primary grafting, skin recurrence, axillary 
metastasis, infection, and roentgenotherapy has been discussed. 


Methods of prevention and treatment have been described. 


CONCLUSIONS 


Primary skin grafting has no influence on the occurrence of swelling 
of the arm following radical mastectomy. 

Swelling of the arm cannot be assuined to signify recurrence of car- 
cinoma. 

The presence or absence of metastasis to the axillary nodes at the 
time of operation has no bearing on the swelling. 

In this series of cases by far the greatest factors in the cause of swell- 
ing of the arm are infection and roentgen-ray dermatitis 
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SIGNIFICANCE OF THE NITROGEN LOSS IN THE 
EXUDATE FROM SURFACE BURNS 


JoHN W. HirsHrevp, M.D., Harotp H. PH.D., 
E. M.D., Cart G. M.D., Pu.D., 
AND A. M.D., Derrorr, MICH. 


(From the Department of Surgery and the Department of Medicine, Wayne Uni- 
versity College of Medicine, the Research Laboratory of the Children’s Fund 
of Michigan and the Division of Surgery and the Division of 
Medicine, City of Detroit Receiving Hospital) 


INTRODUCTION 


T IS recognized that the body loses a certain amount of protein from 
a burned surface, but since no quantitative figures on this loss are 
recorded it has been impossible to evaluate its importance. 


Blisters begin to appear shortly after a patient has sustained a 
second degree burn. The loss of protein begins coincidently with the 
formation of these vesicles. MelIver' and also Harkins? have analyzed 


the fluid obtained from these vesicles and found it to be somewhat 
similar to plasma in respect to its protein and electrolyte content. The 
fluid usually contained 3 to 4 Gm. of protein per 100 ¢.c. Profuse loss 
of this plasmalike fluid from the surface of second degree burns ceases 
after about forty-eight hours, but a considerable amount of exudate 
continues to accumulate on the dressings until re-epithelization occurs. 


‘ 


Third degree burns do not ‘‘weep’’ significantly during the first 
forty-eight hours because the burned skin has been so coagulated that 
it forms a firm leathery insensitive eschar. However, after a few days 
this eschar softens and begins to slough, allowing copious exudation 
which persists until skin grafting has been completed. 

Our interest in determining the amount of nitrogen which is lost 
from these burns began when we decided to undertake a study of the 
alterations in the nitrogen balance of burned patients in relation to 
variation in diet and to their urinary excretion of cortin, 17-ketosteroids, 
androgens, estrogens, and gonadotropins. It was apparent that a true 
nitrogen balance could not be obtained unless the loss of nitrogen from 
the burned surface could be determined. 


The work described in this paper was done, in part, under a contract, recom- 
mended by the Committee on Medical Research, between the Office of Scientific 
Research and Development and Wayne University. It was supported in part by 
grants from Frederick Stearns & Company and the Theodore A. McGraw Fund for 
Surgical Research. 


Presented at the meeting of the Society of University Surgeons, Nashville, Tenn., 
Feb. 10-12, 1944. 
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MATERIALS AND METHODS 


From the beginning it was evident that any attempt to determine 
the total nitrogen adsorbed in a large bandage by acid digestion of 
the entire dressing would be impractical. A technique for sampling 
was necessary which would yield a sample that not only could be 
handled by regular laboratory procedures, but would be a representative 
aliquot of the complete dressing. A large mass of cotton gauze bandage 
cannot be sampled with any degree of precision. It was essential, there- 
fore, to design a bandage which would be adequate (1) as a dressing in 
the care and protection of the burned surface, (2) in the collection of 
all exudate, and finally (3) for aliquoting. 

First, we attempted to use large sheets of filter paper. This material 
readily forms a pulp when mixed in water and yields a uniform suspen- 
sion. However, it did not prove adequate in adsorbing the exudate from 
the burned surface. A special dressing was finally devised which ap- 
pears to meet all of the criteria of adequacy noted. The dressing was 
designed to simulate as closely as possible the large pressure dressings 
advocated by Allen and Koch.* Closely woven glass cloth* is placed 
next to the burned surface instead of fine mesh gauze impregnated 
with petrolatum. <A thick layer of Cellucottont is put on top of the 
glass cloth to act as the adsorbing agent. The entire dressing is then 
wrapped with a vinylite plastic bandage.t This forms an impervious 
covering to prevent loss in case the cellucotton should become soaked 
through. If sufficient cellucotton is applied this does not occur, and 
ordinary elastic bandages, stockinet, or flannel cut on the bias can be 
employed. Control analyses of samples of the glass cloth and cellucotton 
showed them to contain only an insignificant amount of nitrogen. 

These dressings were applied shortly after the patients entered the 
hospital and were changed every five days in conformity with the five- 
day collection periods which were employed for the nitrogen balance 
determinations. Occasionally the exudate would soak the dressing suf- 
ficiently to require an earlier change. If this occurred, the outer layers 
were removed and new ecellucotton was applied. These dressings did 
not alter the course of healing in second degree burns. In third degree 
burns they did not affect the speed with which the slough separated 
and the granulating surface became ready for grafting. When dressings 
were removed, the three component parts were placed in separate con- 
tainers and their nitrogen content determined. The vinylite bandage 
was washed thoroughly and the wash water added to the cellucotton. 
The cellucotton was placed in a large metal container to which was 


*Fiberglas Cloth (No. ECC-11-108), edges sealed with Vinylite acetone solution 
to prevent fraying. Obtained from Owens-Corning Fiberglas Corporation, Toledo, 
Ohio. 

+Cellucotton Sheets, prepared for hospital trade. Obtained from Paper Products 
Mfg. Co., Swarthmore, Pa. 

tVinylite Plastic Film (No. Vu 1900 Clear .008 thickness), ‘‘Highly plasticized 
sco Aa fy Chloride.’’ Obtained from Carbide and Carbon Chemicals Corp., New 

ork, 
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added sufficient water to make a mush. The cellucotton disintegrated 
quickly forming a thick suspension which was thoroughly mixed by a 
motor-driven beater. This entire mixture was weighed and duplicate 
aliquots, by weight, were removed. Nitrogen determinations were run 
on these in triplicate. The glass cloth was placed directly in sulfurie 
acid for digestion of the exudate. All nitrogen determinations were 
done by the Kjeldahl method.* 

In order to check the accuracy of this method, several control dress- 
ings were moistened with known amounts of plasma and placed on 
normal skin of unburned patients for five davs. The amount of nitrogen 
recovered from these dressings was approximately equal to the amount 
of nitrogen which had been added to them as plasma. The presence 
of bacteria on infected burns produces a different condition from that 
present when test bandages are used on normal skin. Since some of the 
bacteria that are present on burned surfaces are capable of forming 
ammonia, it is possible that nitrogen might be lost in this fashion. In 
order to determine the importance of this as a source of error, cellucotton 
was placed in a large beaker and moistened with a known amount of a 
mixture of plasma and a twenty-four-hour meat extract broth culture 
of the bacteria obtained from the burns of the patients who were being 
studied. The mixture was then incubated for five days at 37° C. The 


amount of. nitrogen recovered from these dressings is indicated in 


Table I. 


TABLE 


NITROGEN RECOVERIES FROM PLASMA BACTERIAL MIXTURES AFTER INCUBATION ON 
CELLUCOTTON AT 37° C. FoR 5 DAys 


NITROGEN ADDED NITROGEN RECOVERED PER CENT RECOVERY 


98.38 
99.638 
102.76 
102.04 


RESULTS 


Collections were made from the burns of six patients. <A total of 
nineteen five-day metabolic periods was obtained. The reasons for 
adopting a five-day balance period have been fully discussed in the 
monograph by Macy.‘ The patients were cared for on a metabolic 
ward staffed by specially trained nurses. All of the nitrogen-containing 
material taken orally or parenterally by these patients was weighed or 
measured, and duplicate portions or aliquots were analyzed in triplicate 
for nitrogen. The feces and urine were collected over five-day metubolic 
periods and handled in a like manner. 

The nitrogen loss from the burn varied from 3.0 to 25.47 per cent 
of the total nitrogen output of these patients. This loss began shortly 


(MG. ) (MG. ) 
111.6 109.8 
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after the accident and persisted until epithelization was complete (Table 
II, Figs. 1, 2, 3, 4, 5, and 6). 

The nitrogen in the exudate from the burn was greater, of course, in 
the larger burns and in these instances contributed significantly to the 
total nitrogen output. In one patient, C. W. (Fig. 1), the nitrogen lost 
from the burn alone was approximately equal to that consumed in the 
diet. During the first ten days following the burn, he lost 390 Gm. 
of protein from this source. This is equivalent to approximately 7,100 
¢.¢c. of plasma. 


C.W. 43-15511 
Male Age 42 
Surface area: 
3° burn 35 % 4 


oO 
| 
| 


Grams N per day 
| 
| 


1 O}- 
wl | 
Se 19% 4 
(J Total N output | 
BB exudate N 
3 day 
metabolic periods 


Days after burn 1-5 | 6-10 


Fig. 1.—C. W. (438-15511), a white man, age 42 years, sustained burns of his face, 
neck, both arms, shoulders, and entire back when his clothing caught on fire. The 
burn was mostly third degree and involved about 40 per cent of the body surface. 
The patient died ten days after the accident. During the first five days following 
the accident, he lost nearly 8 Gm. of nitrogen a day from the burn. This comprised 
25 per cent of his total nitrogen output for this period. 


DISCUSSION 


Patients who are moderately or severely burned excrete more nitrogen 
in the urine than can be administered orally as protein without forced 
feeding. In addition, they lose a significant amount of protein in the 
exudate from the burned area. Unless a strenuous effort is made to 
maintain these patients on a very high protein intake, they rapidly be- 
come protein deficient. Second degree burns usually heal within ten 
to twenty days but only a few third degree burns are ready for grafting 
in twenty-one days. Since most patients can tolerate large protein 
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J.C. 43-1531 | 
Male Age 46 
Surface area: 
3° burn 5% 20}- | | 
2° burn 3% | | = 
| 
3 
a | | | 
| | 
10 | d 
5 = = 
Total N output 
6% Th & % 
Exudate N | 5 So 
5 day 
Days after burn i-5 6-10 1-15 16-20 21-24 


Fig. 2.—J. C. (43-15311), a white man, 46 years of age, suffered burns of both 
hands and forearms in a gasoline fire. The burn of the left hand and forearm was 
second degree and healed in about twenty days, while that of the right hand and 
forearm required grafting. This was done twenty-five days after the accident. The 
nitrogen loss in the exudate persisted until the burn was grafted, but it decreased 
about the twentieth day when the second degree areas healed. 


20 
B.P. 43-16170 
Male Age 40 
Weight 48kg. 
3° burn 3% 
° ° 
oO Total N output x 
12% | 
Exudate N | 2 
5 da 
metabolic 2 3 4 
Days after burn 1-5 6-10 | Wt-IS | 16-20 


Fig. 3.—B. P. (43-16170), a white man, aged 40 years, sustained second and third 
degree burns of the face, scalp, neck, shoulders, arms, and forearms when his clothing 
caught on fire. The burns were separated by areas of normal skin. Approximately 
12 per cent of the body surface was involved. During the first five days after the 
accident the nitrogen in the exudate from the burned area accounted for 12 per cent 
of the patient’s total nitrogen output. From the sixth to the tenth day it comprised 
15 per cent of the total nitrogen output. Collections of exudate were not done after 
the tenth day. 
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LS. 43-16545 Surface area: 
Female Age 5 3° burn 6 ar 
Weight 15 kg. BB Exudate N 


Skin graft 


5 da 


Days after burn I-S 6-10 W-15 16-20 | 21-25 | 26-30 


Fig. 4.—I. S. (438-16545), Negro female, aged 5 years, sustained a third degree burn 
of 6 per cent of the body surface when her clothing caught on fire. Less than 1 Gm. 
of nitrogen per day was lost in the exudate from the burned area. However, the 
patient was a small child and although the burn involved 6 per cent of the body 
surface it was small by actual measurement. The nitrogen loss from the burned 
area persisted without change till the twenty-first day, when the burn was grafted. 


25 


O.R. 44-321 
Femaie Age 12 
Weight 40.9 kg. 
Surface area: 20}- 
3° burn 1% F 
2° burn 1% 
7 E.L. 43-13502 [J Total N output 
Female Age 38 | 
Surface area: Exudate N 
1O}- | 3°burn 8% >!0 | | 
| 
5 
Total N output 
xudate N | 3% q 1% 4 
5 day 5 day 
metabolic periods 2 3 metabolic periods 7 8 9 
Days after burn 1-5 6-10 W-15 Days after burn | 31-35 360-40 41-45 


Fig. 6. 


Fig. 5. 


Fig. 5.—D. R. (44-321), a Negro girl, 12 years of age, was burned with hot water. 
The burn involved about 12 per cent of her body surface and was largely second 
degree. The burn healed rapidly and the amount of nitrogen lost in the exudate 
from the burned area diminished as healing progressed. 

Fig. 6.—E. L. (43-13502), a Negro woman, aged 38 years, was burned by fire on 
the arm, axilla, and chest. The burn was largely third degree and thirty days after 
the accident it presented a granulating surface. It is interesting to note that sig- 
nificant quantities of nitrogen were lost from the granulating area at this time. A 
skin graft was done on the forty-first day after the accident. About 60 per cent 
of the graft took. This resulted in a decrease in the amount of nitrogen lost from 
the burned area during the ninth metabolic period. 
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deficits for a short time, it is in the patients with large third degree 
burns rather than those with second degree burns that maintenance of a 
high protein intake is essential. After three weeks of excessive protein 
catabolism they are still not only exereting abnormally large quantities 
of nitrogen in the urine but are also losing considerable protein in the 
exudate from the burned area. Furthermore, instead of being healed 
they are facing one or more serious surgical procedures. These are the 
patients who often develop an extreme degree of protein deficiency. 
The fact that protein in significant quantities continues to be lost in the 
exudate from third degree burns until they are completely epithelized 
emphasizes again the importance of early skin grafting. 


SUMMARY AND CONCLUSIONS 


1. A method has been described for the quantitative collection and 
determination of the nitrogen lost in the exudate from a burned surface. 

2. Complete nitrogen balance studies have been done on six patients 
with burns and the percentage of their nitrogen output represented by 
that from the burned surface has been determined. This varied from 
3.0 to 25.47 per cent of the total nitrogen output. 

3. Nitrogen continues to escape in significant quantities in the burn 
exudate until epithelization has occurred. This is an additional reason 
for the early skin grafting of large third degree burns. 

David R. Brady of the Department of Pharmacology gave us many valuable sug- 


gestions regarding the materials used in the dressings. We wish to express our 
thanks to him. 
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BULLET WOUNDS OF THE LUNGS* 
AN EXPERIMENTAL STUDY 


RoLuin A. DANIEL, JR., M.D., NASHVILLE, TENN. 
(From the Department of Surgery, Vanderbilt University School of Medicine) 


HE observation has been frequently made that through-and-through 

bullet wounds of the lung may produce little evidence of shock and 
that they heal quickly and often without evidence of residual damage 
to the lung. Toward the close of World War I it was observed' that 
tangential nonsucking wounds of the chest were prone to become in- 
fected. In recent reports of studies of penetrating wounds of the chest 
more attention has been given to discussion of the aspiration of blood 
from the pleural cavity than to the size or location of the wounds in the 
lung. Elkin and his associates,” *»* on the basis of experimental and 
clinical observations, have advocated conservative or ‘‘expectant’’ treat- 
ment of most penetrating wounds of the chest. 


Heuer, Pratt, and Mason’ (in 1920) analyzed 160 patients with pene- 
trating and perforating wounds of the chest cared for in Evacuation 
Hospital No. I of the American Expeditionary Forces. One hundred 
and fifteen patients wounded by bullets and shell fragments were not 
operated upon. The following observations were made regarding the 
conservative treatment of these injuries: The conditions which predis- 
pose to infection are sucking wounds, large retained foreign bodies, and 
extensive rib fractures. It appears, however, that of eighteen patients 
who developed infection, seven patients had none of these conditions, 
and in ten patients who were moribund on admission to the hospital 
and died within one or two hours after arrival, autopsy revealed in 
four: ‘‘Hemorrhagic consolidation of the lung, not the common type 
occurring about the wound tract, but involving the lung at some dis- 
tance from the wound, ; in three it involved the lung on the side 
of the injury; in one, the lung contralateral to the injury.’’ This con- 
dition has been recently observed in the Vanderbilt University Hos- 
pital. 


A 38-year-old white woman was admitted to Vanderbilt University Hospital 
forty-five minutes after the receipt of a bullet wound of the left upper chest. The 
wound was inflicted with a .32 caliber automatic pistol, fired at close range. 
There was evidence of great loss of blood, the continuance of which, after the 
administration of blood plasma and whole blood, was taken as an indication 
for exploration of the left chest. 

Exploration was through an anterolateral incision which was extended through 
the left third intercostal space; 1500 ¢.c. of blood were removed from the left 


Presented at the meeting of the Society of University Surgeons, Nashville, Tenn., 
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pleural cavity. A small wound was found in the surface of the upper lobe, 
located in the lateral aspect of the lobe about 3 cm. superior to the interlobar 
fissure. It was 4 cm. in length, about 1 em. wide, and 1.5 em. in depth in its 
mid-portion. Its edges were ragged and there was a continuous, rather copious 
oozing of blood from its surface. The upper lobe did not collapse and was almost 
completely filled with dark blood, having the appearance and consistency of liver. 
A small portion of the apex of the lobe and the anterior division of the lingula 
segment were the only portions of the lobe which contained air. 


Left upper lobectomy was performed. The patient’s postoperative course was 
satisfactory. She was permitted to be out of bed on the eighth postoperative 
day and was discharged from the hospital two weeks after admission. She resumed 
her normal activities at home three and one-half weeks after the injury. 


Microscopic sections from various areas of the left upper lobe showed the 
alveoli to be ruptured and filled with blood. 


The unusual aspects of this case prompted the experimental studies 
reported in this communication. 

The gross and microscopic appearance of the lesion found in this pa- 
tient resembled those produced in animals by blast waves. These have 
recently been described by Clark and Ward’ in animals exposed to 
water-borne blast waves. These lesions were shown to be similar to 
those resulting from blast in air, previously observed and studied by 
Hooker,® Zuckerman,’ Williams* and others. This injury has been 
shown to be caused by a wave of increased pressure which travels very 
rapidly and is transmitted through the tissues of the chest wall without 
inflicting gross injury to the parietes. 

Experimental Methods.—Dogs of various weights (5 to 20 kg.) and 
ages were used. The animals were anesthetized with nembutal, admin- 
istered intravenously, and were placed on a wooden, angled dog board 
which rested three inches above a wooden box which was twelve inches 
deep and filled with sand. They were shot, at ranges varying from 
one-half inch to thirty-six inches, in the right lower chest. The weapons, 
cartridges, and ballistics concerned with the cartridges used are shown 
in Table I. 

Immediately after the shot was fired, an incision was made over the 
right costal cartilages, parallel to the sternum. The cartilages were 


TABLE I 
WEIGHT | MUZZLE MUZZLE 
TYPE PISTOL OR a OF VELOCITY ENERGY 
RIFLE USED BULLET | (FT. PER ( FOOT 
(GR. ) SEC.) POUNDS ) 
.22 Cal. revolver ‘*Hi-Speed’’ short 29 1130 82 
22 ‘‘long’’ 29 1125 81 
32 Cal. automatic pistol} .32 ‘‘short’’ 80 800 114 
(Belgian Browning) 
45 Colt automatic pistol] Federal arsenal, Govt. 
(U. S. Army model) Issue, 1954 250 870 421 
.257 Mauser (special) .257 Winchester 
rifle super X 7 2630 1800 
38-55 Winchester rifle 38-55 Winchester 255 1320 985 
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divided and the right pleural cavity opened widely. In this manner, 
the lung could be visualized in every experiment within two minutes 
after the wound was inflicted. Following this procedure the left lung, 
the chest wall, and in some cases, the abdominal viscera, were inspected 
for evidences of injury. The lungs were removed, photographs of in- 
teresting specimens were obtained at once, and the lungs were placed 
in 10 per cent formalin solution. Blocks of tissue were obtained for 
microscopic section after the entire lung had been left in the fixative 
for several days. 

Thirty-three dogs were used in this study. The types of wounds in- 
flicted may be divided into four groups: 

1. Through-and-through wounds of the lung 

2. Superficial lacerations of the lung 


Fig. 1, Group 1 (Expt. No. 29).—Bullet used was .22 caliber. Through-and-through 
wound of the middle and lower lobes. 
3. Wounds of the parietal pleura, but no apparent wound of the lung 
4. Wounds of the skin and subcutaneous tissues of the chest wall 


Fractures of one or more ribs were usually found in wounds of the 
types described in groups 1, 2, and 3. 


Observations.—Gross estimation of the amount of hemorrhagic con- 
solidation present in the lungs was recorded, and these observations are 
tabulated in Tables IT, III, IV, and V. The observations are recorded 
as follows: 


+ An area of hemorrhagic consolidation occupying one-fourth of 
the lobe or less, or diffuse scattered areas of hemorrhage in air- 
containing lung tissue 
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++Firm areas of consolidation involving one-fourth to one-half 
of the lobe 
+++ Firm areas of consolidation involving one-half to three-fourths 
of the lobe 
+ +++ Lobe completely hemorrhagic, no crepitation, entire lobe deep 
red in color and as firm to the touch as liver. 


Microscopic sections, taken from the areas of hemorrhagic consolida- 
tion, invariably showed rupture of the alveolar walls and filling of the 
air spaces with blood. 

Several factors apparently influence the extent and degree of damage 
to the lung: 


The location of the wound and direction of the path of the bullet are 
of great importance. Through-and-through bullet wounds, even when 
inflicted with heavy missles having a high ‘‘muzzle energy,’’ as the .45 
caliber bullet, show far less evidence of widespread damage in the lung 
than do those of the same missle fired tangentially across the chest and 
inflicting a small superficial tear of the lung substance. Extensive 
hemorrhagic consolidation is also caused by a bullet which passes 
through the deep tissues of the chest wall but which does not inflict a 
wound upon the lung (Table IV). 

The damaging effect of the wave of shock (or blast) created by the 
impact of the missle with the tissues of the chest wall is transmitted 


through these tissues to the lung, and may cause widespread disruption 
of the air-containing lung tissue. This effect is shown most effectively 


TABLE IT 


Group 1. THROUGH-AND-THROUGH WOUNDS OF THE LUNG 


DISTANCE: EXTENT OF HEMORRHAGE 
WEAPON WEIGHT! = wouzzLE POSITION EACH LOBE 
(KG. ) WALL WOUND LOWER MIDDLE UPPER LOWER 


.22 Cal. : 36 in. |Middle lobe + ++ 

revolver 
22 Cal. in. |Middle and 
revolver lower lobes 
22 Cal. 14 in. |Lower lobe 
revolver 
22 Cal. j in. Middle lobe 
revolver 
.22 Cal. ; 36 in, Middle and 
revolver lower lobes 
22 Cal. a 5: in. Middle and 
revolver lower lobes 
near hilum 
22 Cal: in. Middle and 
automatic lower lobes 
pistol near hilum 
45 Cal. 3 ; 4 in. |Right and 
automatic left lower 
pistol lobes near 
hilum 


*Surface laceration of the lower iobe. 
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TABLE IIT 


GROUP 2. SUPERFICIAL (SURFACE) WOUND OF LUNG 


DISTANCE: EXTENT OF HEMORRHAGE 
WEAPON hs MUZZLE POSITION EACH LOBE 

OF DOG OF 

1s TO CHEST 

W A LL MIDDLE UPPER LOWER 


.22 Cal. 14 in. {Lower lobe + 
revolver 
22 Cal: 6 in. Lower lobe 4+ 
revolver 
.22 Cal. 20. ly in. Middle lobe 4{ 44 
revolver 
22 Cal. 2 i Lower lobe 
revolver 
45 Cal. in. Lower lobe 
automatic 
pistol 

45 Cal. in. Lower lobe 
automatic 
pistol 


TABLE IV 


GrouP 3. WOUND OF THE PaRIETAL PLEURA, NO PULMONARY WOUND 


DISTANCE: EXTENT OF HEMORRHAGE 
EACH LOBE 


WALL LOWER | MIDDLE | UPPER | LOWER 


.22 Cal. revolver 6 36 in. ++4 ss 
Cal. automatic 14 in. ++ +4 
pistol 

45 Cal. automatic % in. |++++ 
pistol 

45 Cal. automatic 3 ly in. 
pistol 

Winchester 38-55 rifle 18* 15 in. 
.257 Mauser 19* : 15 in. ++ 
(special rifle) 

*Parietal pleura intact but overlying ribs adjacent to wound broken. 


TABLE V 


Group 4. WOUND OF SUBCUTANEOUS TISSUE AND SKIN OF CHEST WALL 


DISTANCE: EXTENT OF HEMORRHAGE 
WEIGHT!  wuzzLE EACH LOBE 


(KG.) WALL MIDDLE UPPER LOWER 


.22 Cal. revolver 11 5.0 36 in, + 
.45 Cal. automatic 15.5 2 in. ++ 
pistol 
.45 Cal. automatic 21 15.1 % 
pistol 
45 Cal. automatic 26* 8.6 2 in. 
pistol 
.257 Mauser 17 (b)t| 9.5 15 in, 
(special rifle) 


*Shot through base of skin flap, previously turned down from chest wall. 
+Bullet merely ‘‘creased’’ the skin (did not penetrate). 
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in the experiments summarized in Table V. In these animals no evi- 
dence of injury could be noted in the periosteum, ribs, intercostal 
muscles, or parietal pleura. The bullets simply ‘‘tunneled’’ through 
the subcutaneous tissue, creating fairly small wounds of entrance 
and exit. In one experiment (No. 26) a flap of skin and subcutane- 
ous tissue was dissected from the chest wall and left attached by a 


METRIC { 2 4 


Fig. 2, Group 2 (Expt. No. 28).—Bullet used was .45 caliber. Superficial nick in the 
costophrenic angle of the lower lobe. 


Fig. 3, Group 2 (Expt. No. 30).—Bullet used was .22 caliber. Very small tear through 
the visceral pleura of the lower lobe. 
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wide pedicle in the posterior axilla of the right lower chest. A .45 
caliber bullet was fired through the base of this flap, about one-half inch 
from the exposed ribs. The chest was opened immediately and areas 
of hemorrhage were found in all the lobes of the right lung. 

The velocities of the bullets used in these experiments do not vary 
widely and we have not as yet attempted the use of missles which ap- 
proach the very high velocity of bomb fragments. It appears, on the 
basis of one experiment (No. 19), that more widespread damage may be 
created by the impact of high velocity missles than with slower-moving 
bodies of the same weights. 


Fig. 4, Group 3 (Expt. No. 8).—Bullet used was .22 caliber. Wound of the parietal 
pleura and intercostal muscles. 


On the other hand, the injury was definitely greater with an increase 
in the weight of the bullet used in various experiments. This is shown 
by the difference between the lesions observed in animals shot with the 
.22 caliber revolver and the .45 caliber Colt automatic pistol. The 
muzzle velocity of the former is greater than the latter, but much more 
extensive damage resulted from superficial wounds inflicted with the 
heavy .45 caliber bullet than with the .22. The amount of hemorrhagic 
consolidation appears to be directly related to the ‘‘muzzle energy’’ of 
the bullet with tangential wounds of the chest wall and of the lung. 
This does not appear to be true with through-and-through wounds of 
the lung, as can be seen in Table II. The muzzle energy of the various 
cartridges used is shown in Table I. It represents the muzzle velocity 
times the weight of the bullet and is recorded in foot-pounds. 

One experiment was performed in which the muzzle of the .45 caliber 
Colt pistol was held about 0.5 em. from the right lower chest wall of a 
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small animal and fired in such a direction that the bullet passed very 
close to the animal but did not touch the skin. The bullet penetrated 
the board on which the animal was lying. The dog’s chest was opened 
immediately and no lesion could be found in the lungs. Blank ear- | 
tridges, .22 caliber, were also fired, and unless the muzzle of the pistol | 
was pressed against the chest wall no evidence of injury was found. 
From these observations it was concluded that air-borne blast waves 
which might have been created by discharge of the bullet at the muzzle 
are of such low magnitude that they play little or no part in the creation 
of these lesions. Likewise, the effect of shock transmitted from the 
board on which the animals lie was shown to be unimportant. 


Fig. 5, Group 4 (Expt. No. 11).—Bullet used was .22 caliber. Superficial wound of 
skin and subcutaneous tissue of chest wall. 


In no instances were gross evidences of injury to any of the ab- 
dominal viscera observed. Two animals were shot through the ab- 
domen. Multiple perforations of the small bowel were found but no 
areas of hemorrhage were present in portions of the gastrointestinal 
tract which were not touched by the bullet. No evidence of injury 
was found in the lungs of these animals. 


The effect of a blow delivered at a much slower velocity was tested by 
striking, with great force, the right chest wall with a hammer. A rib 
was broken. A superficial hematoma 1 cm. in diameter lying directly 
under the visceral pleura and having the appearance of a blister was 
observed. No other evidence of injury could be found in the lungs. 


SUMMARY 


1. The immediate effects of bullet wounds of the chest upon the lungs 
have been observed in dogs. 
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2. A shock wave which may be comparable to air and water-borne 
blast waves may be transmitted through the tissues of the chest wall 
and the lungs. Transmission of this wave of compression, or blast, 
takes place through the solid, or ‘‘fluid,’’ tissues of the chest wall with- 
out evidence of damage to those tissues which do not lie within the 
path of the bullet, and injure the underlying, air-containing tissues of 
the lunge. 

3. Rupture of the walls of the alveoli and extravasation of blood into 
the air spaces were consistently observed in these animals. The extent 
of the injury and amount of the hemorrhage varied greatly under 
different conditions. 

4. The direction of the course of the bullet is of great importance in 
determining the extent of damage which is inflicted upon the paren- 
chyma of the lung. 

5. The degree of pulmonary injury found in tangential wounds of the 
chest appears to be directly related to the ‘‘muzzle energy,’’ calculated 
from the weight and muzzle velocity, of the bullet. 

6. Rupture of alveolar walls and bleeding into the air spaces of the 
lung were much more widespread and profuse when the bullet traversed 
the chest wall tangentially than when it coursed directly through the 
parenchyma of the lung. This is true whether or not a_ superficial 
wound of the lung is created. 
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THE SURGICAL TREATMENT OF CHRONIC 
PULMONARY ABSCESS 


CGustaF KE. Linpskoc, M.D., New Haven, Conn. 


(From the Department of Surgery, Yale University School of Medicine) 


INTRODUCTION 


r THE past few vears a well-defined trend toward standardization of 
therapy in acute and subacute abscess of the lung has been noted. 
Accurate localization of the abscess in terms of the bronchopulmonary 
segment involved, accurate orientation in respect to the parietal chest 
wall, and the use of local anesthesia have inereased the safety and effee- 
tiveness of early one- or two-stage pneumonotomy for drainage. The 
results, as demonstrated by others and confirmed by the findings of the 
present series, warrant considerable optimism, 


Unfortunately, however, a large percentage of patients with pul- 
monary abscess first come to the surgeon in an undeniably chronic stage 
with one or more of several local complications. These include second- 
ary or multiple abscess formation, chronic organizing pneumonitis with 
fibrosis and atelectasis, bronchiectasis, and perforation with eneapsu- 
lated empyema. In the presence of such complications, simple pneu- 
monotomy for drainage may result in immediate improvement, but in- 
complete recovery. Therapeutic failures are demonstrated by one or 
more of the following: persistent cough and sputum, recurrent febrile 
episodes, failure to gain in weight and strength, persistence of second- 
ary anemia and leucocytosis, failure of sinuses and fistulas to heal, 
and abnormal roentgenographie findings in the chest. Appropriate 
roentgenographie and bronchoscopic studies will usually demonstrate 
the nature of complications, and suggest the advisability of secondary 
pulmonary resection in some form. 


With this type of failure in mind from our own case experience and 
the reports of many others, we have arrived at the conclusion that pri- 
mary resection without preliminary drainage is the procedure of first 
choice in chronic abscess when one or more of the following con- 
ditions exist: 


1. Multiple abscesses or extensive destruction in one or more lobes 
2. Secondary bronchiectasis 
3. Atelectasis and pneumonitis, unrelieved by bronchoscopic treat- 
ment 
Uneontrolled bleeding 
5. Perforation and localized empyema 


Presented at the meeting of the Society of University Surgeons, Nashville, Tenn., 
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With respect to the latter complication, our cases demonstrate that evacu- 
ation of the empyema and resection of the involved lobe in a single-stage 
operation is both technically feasible and reasonably safe. 

Case Material.—Included for analysis are all patients with pulmonary 
abscess who were admitted to the thoracic surgical service of the New 
Haven Hospital from July, 1938, to the present time. Excluded are 
cases of abscess complicating bronchiogeniec carcinoma or pre-existing 
bronchiectasis. 

Among sixty-six patients, twenty-two were judged to have acute or 
subacute abscess on the basis of a history covering less than two months 
from the time of first symptoms to hospital admission. These acute 
cases do not constitute the subject matter of this study, but for pur- 
poses of completeness and contrast are summarized in Table I. 


TABLE I 


ACUTE PULMONARY ABSCESS 


TYPE OF a MUCH IM- UN- 
TREATMENT CURED IMPROVED PRoveD 


Conservative 5 3 0 0 0 0 8 
(bronchoscopy, etc.) 


Drainage empyema 3 1 0 0 0 0 + 
Pneumonotomy 4 4 0 0 1 0 9 
Refused 0 0 0 0 0 1 1 

Totals 12 8 0 0 1 1 22 


The remaining forty-four patients had chronic abscess and complica- 
tions, varying in duration from three months to several years. Four 
patients had already had one or more drainage operations performed 
elsewhere. Three were critically ill with extensive empyema, and were 
treated by simple thoracotomy (rib resection). Twenty-two, princi- 
pally earlier cases, were subjected to one-stage or multiple-stage pneu- 
monotomy. Of these, six subsequently were submitted to pulmonary 
resection. Together with the four patients in whom drainage was ecar- 
ried out at other hospitals, these made a total of ten secondary resec- 
tions (seven lobectomies, three pneumonectomies). Fourteen patients 
were treated by primary resection, all lobectomies. One patient 
awaited pneumonectomy. 

Of the twenty-four patients subjected to primary or secondary resec- 
tion, fourteen were male and ten female, ranging in age from 6 to 49 
years. The average age was 32 years, while the average for all abscess 
cases was 36. The average duration of the disease was eleven months, 
excluding two long-term cases. The average patient sought the first 
medical attention within one month of onset, so that undesirable delay 
can only be ascribed to ill-advised persistence in conservative treatment 
by the medical or surgical attendants. 

The exciting etiology was clearly apparent in twelve cases, as shown 
in Table IT. 
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TABLE IL 


Postoperative, tonsillectomy 
Postoperative, appendectomy 
Convulsions, epilepsy 
Convulsions, eclampsia 

Trauma to chest 

Foreign body (surgical gauze) 


— 


In eleven other cases, a frankly pneumonie onset was recorded; in 
one case the mode of onset was obscure. Although multilobar involve- 
ment due to secondary extension was frequently seen, the principal or 
primary abscess was located as shown in Table III. 


TABLE IIT 


LOcATION OF ABSCESS 


LOCATION NUMBER LOCATION NUMBER 


R.U. L. 5 L. U. L. 4 
M. L. L.L. 6 
R. L. L. 6 


Totals 


10 


Five patients subjected to primary lobectomy had pre-existing per- 
forations with encapsulated interlobar or parietal empyema. 

Technique.—A topical anesthesia of pharynx and larynx was carried 
out with 2 per cent pontocaine and 10 per cent cocaine. If secretions 
were excessive, the patient was bronchosecoped. General anesthesia was 
induced with cyclopropane and ether, tracheal intubation performed 
with woven silk or flexible rubber catheter, and the tracheobronchial tree 
thoroughly aspirated before the patient was turned into the operative 
position. In secondary cases, if a draining fistula was present, the 
wound was packed tightly with dry one-inch gauze in a single strip. 
This prevents, to some extent, the leakage of gas and reaspiration of 
secretions and blood. 


In the event of a primary resection, the usually accepted approaches 
(intercostal or rib resection) were made. If previous cautery drainage 
had been employed, a new incision was planned to avoid the wound area. 
Where sears or sinuses existed on the posterior or lateral chest wall, an 
anterior trap-door type of incision was used for the upper and middle 
lobes. This was a difficult approach for the lower lobe, however, and a 
long costal incision above or below the drainage area is preferred. After 
opening the chest, the dissection was directed immediately toward the 
hilus of lobe or lung. A tentative dissection of the hilus was begun. The 
feasibility of total resection in preference to mass ligation can be deter- 
mined only at operation, and bears no constant relationship to the degree 
of peripheral lung involvement. If individual ligation technique seemed 
unwise, a Bethune snare was passed to cut off further bronchial spillage, 
followed by transfixion sutures of chromic No. 1 catgut. If the in- 
dividual dissection technique was practicable (and it becomes increas- 
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ingly so with experience in complicated cases), the vessels were freed 
up. One proximal silk ligature was passed around each vessel on a 
ligature carrier, followed by a slightly more distal transfixion suture, 
beyond which the vessel was divided. The bronchus was transfixed by 
mattress silk sutures, and then divided. 


- 
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Fig. 1.—Methods of closing the mediastinal pleura following total pneumonectomy. 
A, Counterincision of paravertebral pleura. B, Pedicled flap. C, Free graft. 


Having avoided the dangers of further bronchial spillage, pulmonary 
arterial bleeding, and embolism, the frequently difficult peripheral dis- 
section was begun. In the region of cautery sears or large sinuses, the 
collateral circulation through the intercostal arteries may give rise to 
troublesome and dangerous bleeding. <A transfer from the interpleural 
to extrapleural planes expedited the dissection and decreased blood 
loss. Sometimes detailed hemostasis proceeded more readily after re- 
moval of the lung or lobe. 

Closure of the hilus after lobectomy was attempted by leaving a 
pleuropulmonary flap to turn over the bronchial stump. In the case 
of total pneumonectomy, complete mediastinal pleural closure is ex- 
tremely important. Rarely in these cases was sufficient pleura present 
to effect a linear closure, but this was assisted by a relaxing incision 
in the paravertebral pleura. If direct closure was not possible, a rect- 
angular pleural flap was turned up to cover the defect, or a free graft 
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of pleura was used (see Fig. 1). Sulfathiazole powder (4 to 6 Gm.) 
was scattered over the pleural surfaces. 

In the total pneumonectomy cases the pleura was not drained; the 
lobectomies were all drained. In the secondary cases, the site of pre- 
vious fistula was useful for the drainage tube, if properly located. In- 
tereostal catheter drainage was used in the primary resections, but was 
disappointing as compared with short rib resection and a larger tube 
in the secondary cases. Constant suction was applied to the drainage 
tube for several days. After total lobectomy, the catheter was removed 
in a few days if lung re-expansion and relative sterility of drainage 
fluid permitted, 

Immediately at the conclusion of operation, bronchoscopy was em- 
ployed if secretions had been abundant or tenacious, and during the 
convalescence as indicated. Blood transfusion was given routinely, 
and averaged 870 ¢.¢. per operation. 


RESULTS 
The chronic abscess cases are summarized in Table IV. 


TABLE IV 


CHRONIC PULMONARY ABSCESS 


MUCH UNDER MORTALITY 
TVvPE OF DEAD T. ITY 
TREATMENT CURED IM- provep POOR TREAT- TOTALS PER- 
PROVED MENT P.O. LATE CENTAGE 
Drainage 1 0 ] 0 0 1 0 3 
empyema 
Pneumono- 5 3 ] 6* 1 + 2 22 
tomy 
Subtotal 6 3 2 6* l 5 2 25 28.0 
Resection, 7 5 0 0 1 1 0 14 
primary 
Resection, 4 0 0 2 10 
secondary 
Subtotal 9 9 0 I 2 l 2 24 12.5 


*Subsequent secondary resection. 


The gross case mortality was ten, or 22.8 per cent. 

The drainage operations (thoracotomy and pneumonotomy) contrib- 
uted seven fatalities, or 28 per cent, and were followed by six poor 
results, necessitating secondary resection. 

The best results were obtained with the fourteen primary lobar resee- 
tions. In this group there was one death (7.1 per cent), an operative 
accident. The patient, aged 6 years, had a large post-tonsilleetomy ab- 
seess in the right lower lobe, of ten months’ duration. During operation 
the abscess evacuated its semisolid content into the trachea and the ob- 
struction was not relieved by bronchoscopy. Among the remaining 
cases, twelve showed very satisfactory results and in one recent case 
the patient was under treatment at the time of this writing. 

The ten secondary resections included three total pneumonectomies 
and seven lobectomies. There were no operative (hospital) deaths, 
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but there were two late fatalities. One occurred in a man 26 years of 
age, fourteen months after left upper lobectomy for post-tonsillectomy 
abscess of eighteen months’ duration. Death was due to cerebral ab- 
scess, verified by craniotomy. The second fatality was that of a male, 
aged 20 years, four months after left total pneumonectomy for foreign 
body abscess. The cause of death was streptococcus sepsis following 
a sore throat, involving heart, pericardium, right lung, and left pleura. 
The left pleural space had been reported sterile on numerous cultures 
after operation, and there was no evidence of bronchial fistula. One 
patient, following right upper total lobectomy, had a disappointingly 
poor result with residual bronchiectasis in two other lobes. Of two 
patients still under treatment, when last seen one was doing very 
well, the other had metastatic cerebromeningeal infection and will 
probably succumb. 

The behavior of the thoracotomy wounds in these patients was in- 
teresting. Sixteen of the twenty-four healed per primum; four had 
minor circumscribed or superficial infection. Two had severe hemolytic 
streptococcus infections controlled by chemotherapy without disrup- 
tion, and one had an extensive disruption of the suture line due to 
mixed infection. 

SUMMARY 


A series of sixty-six pulmonary abscess cases, observed on the surgical 
thoracie service at New Haven Hospital in a period of five and one-half 
years, forms the basis of this report. 

The low mortality (4.5 per cent) and excellent end results of therapy 
in acute abscess are contrasted with the high mortality (22.8 per cent) 
and poorer end results in chronie abscess. 

In the chronie abscess group, primary lung resection was associated 
with lower mortality (7.1 per cent) and better results than other types 
of treatment. 

Secondary resection after previous drainage operations was useful 
for the salvage of otherwise unsuccessful cases. This operation was 
followed by no immediate mortality but a higher incidence of late 
complications and deaths which increased the eventual mortality of all 
resections to 12.5 per cent. 
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SURGICAL TREATMENT OF BRONCHIECTASIS 
Factors INFLUENCING PosTOPERATIVE MORBIDITY AND MorTALITY 
Hersert C, Mater, M.D., New York, N. Y. 


HE results of surgical treatment of bronchiectasis have improved 
greatly during the past decade. A considerable number of reports 
on the mortality following lobectomy and pneumonectomy for bronchieec- 
tasis have appeared in the literature, but in only a few instances have 
the postoperative complications been analyzed in detail. During 1940 
to 1943, I have performed or directed sixty-four pulmonary resections 
for bronchiectasis. Included in the series are cases of residual bronchi- 
ectasis following drainage of a pulmonary abscess, and also cases of 
cystic disease of the lung. The series consists of fifty-five lobectomies 
and nine pneumonectomies, with one operative death, or a mortality 
rate of 1.6 per cent. The postoperative complications in the fifty-seven 
cases of this series in which I personally directed the postoperative care 
have been analyzed. The factors which influence postoperative mor- 
bidity and mortality are discussed on the basis of this series and also 
from observations made at clinics with which I am associated. 
Selection of Patients.—The patients ranged in age from 4 years to 57 
years. The bronchiectasis was bilateral in twelve cases, and involved 
more than one lobe in almost one-half of the cases. Marked pulmonary 
fibrosis and emphysema were present in only a few instances, but mod- 
erate degrees of fibrosis and emphysema were present rather frequently. 
Operative Procedure—tThe operations have been performed under 
intratracheal oxygen-ether or cyclopropane anesthesia. A one-stage 
operation has been employed. Although many patients in this series 
were operated upon by the tourniquet technique, dissection and indi- 
vidual ligation of the hilar structures are now considered desirable if 
the patient’s condition or inflammatory infiltration of the hilar region 
does not increase the risk of this operative technique. In some cases 
partial lobectomy of one or two lobes has been performed. 
Complications During Operation—In my experience the maintenance 
of a clear airway by the anesthetist has been the most important single 
factor in the patient’s condition during operation. If the patient’s 
pulmonary ventilation is entirely satisfactory, the surgeon can perform 
the operative procedure in a careful manner. If the airway cannot be 
rendered satisfactory, the operation is postponed or interrupted. In 
this series of cases no serious hemorrhage or other surgical accidents oc- 
curred during the operation. In one instance in which a lobectomy for 


Presented at the meeting of the Society of University Surgeons, Nashville, Tenn., 
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dry bronchiectasis with frequent hemoptysis was begun, serious hemor- 
rhage from the pulmonary artery resulted during an attempt to free this 
vessel. The hemorrhage was controlled by ligation of the branch of the 
pulmonary artery to the involved lobe, but the lobectomy was not com- 
pleted. The hemoptyses, which had been a frequent occurrence prior to 
operation, were not present during the year after operation. 

Relatively little difficulty has been encountered in the maintenance 
of good peripheral circulation throughout the operative procedure. All 
efforts are directed toward minimizing the blood loss. Intravenous 
fluids are given throughout the operation; blood transfusions are begun 
early. One or two transfusions are given in most instances during 
operation. In many instances there has been relatively little change in 
the patient’s condition throughout the entire operative procedure, and 
shock has been rarely encountered. The operations have usually varied 
from three to four hours in length. 

Postoperative Complications Following Lobectomy.—Collapse ot the 
remaining pulmonary tissue on the side operated upon is one of the most 
frequent and serious complications following lobectomy for bronchiee- 
tasis. Among forty-eight lobectomies in our series in which frequent 
roentgenographie studies were made in the early postoperative period, 
there were five cases of postoperative collapse of the remainder of the 
lung on the side of operation. Postlobectomy collapse occurred four 
times in a series of forty lobectomies of the lower lobe, and once 
in eight cases of the upper lobe. In three of the four instances of col- 
lapse of the remaining upper lobe, the left lower lobe had been resected. 
In the single instance of collapse of the upper lobe following removal of 
the right lower lobe, the patient had situs inversus, and therefore the 
right lung anatomically resembled the left lung of a normal individual. 
As there has been much discussion in the past concerning the role of 
pleural adhesions in the avoidance of postoperative pulmonary collapse, 
our data on this point were analyzed. In twenty-two of the forty pa- 
tients subjected to lower lobe lobectomy, there were few, if any, ad- 
hesions over the upper lobe. In the remaining eighteen cases, a con- 
siderable number of adhesions were present over the remaining lobe, and 
in six instances the unresected lobe was completely adherent. In all 
five cases in which postoperative collapse of the remaining lobe followed 
lobectomy, there were few, if any, adhesions over the unresected portion 
of the lung. 

In three of the four instances in which collapse of the left upper lobe 
followed a lobectomy of the lower lobe, bronchiectasis was probably 
present in the lingular portion of the upper lobe which was not removed. 
Certainly in one of the three cases the lingula was definitely involved, 
and in this instance the postoperative pulmonary collapse was most 
marked, and of longest duration. Three of the four patients with post- 
operative collapse of the upper lobe had bilateral bronchiectasis, and 
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large amounts of sputum were present preoperatively in three of the 
four. In none of the cases was the collapse of the upper lobe perma- 
nent. In one instance the lobe reinflated immediately following bron- 
choscopy ; in a second case the upper lobe remained well aerated after 
the eleventh postoperative day following several bronchoscopies; and in 
a third patient the lung collapsed intermittently during the first week 
after operation, but remained well aerated thereafter. In the fourth 
case of postoperative collapse of an upper lobe following lobectomy of 
the lower lobe, an empyema without bronchopleural fistula developed 
and there was a six-week interval from the time of collapse of the upper 
lobe until the empyema cavity was obliterated by re-expansion of the 
upper lobe. In the single instance of collapse of the lower and middle 
lobe following a lobectomy of the upper lobe, reaeration occurred in 
two weeks following two bronchoscopies. The patient had relatively 
little sputum and a nonadherent lower and middle lobe. 

In two cases there was considerable accumulation of fluid within the 
pleural space on the side operated upon in spite of the presence of a 
drainage tube. Thoracentesis was performed with satisfactory results. 
Readjustment of the drainage tube was frequently necessary in order 
to maintain adequate pleural drainage. No serious infection of the 
chest wall wound occurred in this series, but localized infection of the 
wound occurred in several instances. 

A secondary thoracotomy for empyema was performed in five of forty 
cases of lower lobe lobectomy. In one of the patients a chest wall sinus 
at the site of a previous drainage of a pulmonary abscess was present at 
the time of lobectomy. Of the cases with no preoperative sinus, in 
one instanee an empyema followed pulmonary collapse, and in a second 
case an apical empyema developed following a spontaneous tension 
pneumothorax in the apical portion of the pleural space occurring on 
the twenty-second postoperative day in a patient with moderate pul- 
monary fibrosis and emphysema. In a third case a foul empyema 
required a thoracotomy, and complete healing did not occur until two 
months postoperatively ; and in the fourth case a small pleural abscess 
was present around the bronchial stump following a hilar dissection 
tvpe of lobectomy. In no instance was any thoracoplastic procedure 
necessary following a lobectomy of the lower lobe. 

In two cases a thoracotomy was performed for an empyema localized 
near the bronchial stump following a lobectomy of the upper lobe. In 
one additional case an upper stage thoracoplasty was necessary to oblit- 
erate a residual pleural space following upper lobe lobectomy. 

In all patients with lobectomy for bronchiectasis drainage was in- 
stituted. In some cases the drain was removed as early as forty-eight 
hours following operation, but in the majority of instances, particularly 
if a tourniquet type of lobectomy was performed, the drain was left in 
place for about two weeks. Although some of these patients had a 
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temporary bronchial fistula and there was drainage of some purulent 
material for a short period, no secondary operative procedure was 
necessary except as already indicated, and the late result was not un- 
favorably influenced. 

The one death in the series resulted from extensive bronchial secre- 
tion, chiefly in the contralateral lung. The patient’s condition during 
and at the conclusion of the operation was excellent, and there was no 
evident aspiration of infected material into the opposite side. The 
patient died five days after lobectomy. Autopsy revealed widespread 
bronchiolitis, chiefly in the contralateral lung. Whether the pulmonary 
pathology was originally on the basis of infection could not be definitely 
ascertained. If bronchoscopy had been employed shortly after opera- 
tion, the outcome might perhaps have been altered. 

Complications Following Pneumonectomy.—The postoperative con- 
dition of the nine patients following pneumonectomy was satisfactory. 
In one case there was bronchiectasis in the contralateral lung and some 
difficulty was encountered in expectoration of the bronchial secretion 
during the first few days after pneumonectomy. One patient showed 
radiographic evidence but few clinical signs of infiltration in the contra- 
lateral lung, which cleared in two weeks. 

In four cases no drainage was instituted at the time of pneumonec- 
tomy for bronchiectasis. Two of these patients never developed any 
pleural infection, whereas a third patient required a thoracotomy in 
the early postoperative period, and the fourth patient had a late 
empyema three months after pneumonectomy. In five patients drainage 
was instituted at the time of pneumonectomy. Three of these patients 
required no further operative procedure following removal of the tube. 
Two of these three were children. Two patients in whom drainage was 
instituted at the time of operation required a secondary thoracotomy 
for more adequate drainage, and later a thoracoplasty. The patients 
who required a secondary drainage in the early postoperative period 
had a bronchial fistula. The patient in whom an empyema developed 
three months after pneumonectomy has never had evidence of bronchial 
fistula, and the empyema space was obliterated by a two-stage thoraco- 
plasty. 

Postoperative Results—In fifty-nine cases the period of follow-up was 
of sufficient duration that a tentative evaluation of the postoperative 
result was possible. In forty-two cases the result may be classified as 
excellent or good. Ten patients had some cough and sputum from 
residual bronchiectasis. In all except one of these patients there was 
a marked improvement over the preoperative status. Four patients had 
pulmonary hemorrhages after lobectomy, but were otherwise in good 
condition. One patient with known tuberculosis prior to operation 
had an occasional positive sputum after lobectomy. In another pa- 
tient in whom tuberculosis was first diagnosed following lobectomy there 
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was clearing of a tuberculous spread in the contralateral lung. A child 
who underwent a pneumonectomy had a residual empyema cavity be- 
cause thoracoplasty was postponed. Two patients died in the follow-up 
period ; in one instance death was due to pneumonia in the contralateral 
lung several months following lobectomy for bilateral bronchiectasis. 
In the second case a carcinoma of the main bronchus was diagnosed 
one year following lobectomy on the same side. 


DISCUSSION 


The factors influencing operative morbidity and mortality following 
pulmonary resection for bronchiectasis may be considered in three eate- 
gories: first, factors relating to the preoperative condition of the pa- 
tient; second, events during the operative procedure, and third, the 
management of the patient postoperatively. 

Preoperative Factors Affecting Incidence of Postoperative Complica- 
tions —The severity of the bronchiectasis, but more particularly the 
distribution of the involved bronchi, will naturally play a significant 
role in postoperative complications. If the bronchiectasis is entirely 
limited to one lobe, lobectomy results in complete extirpation of the in- 
fected bronchi. Frequently, however, some bronchiectatic changes are 
also present in other portions of the same or in the opposite lung. In 
the former instance the involved bronchi in the second lobe can be re- 
moved with the lobe which is the seat of the major disease. For ex- 
ample, it is frequently indicated to remove the lingular portion of the 
left upper lobe together with the entire left lower lobe. Similarly, on 
the right side the middle lobe may be removed together with the right 
lower lobe. If it is feasible to remove all the diseased tissue, the in- 
cidence of serious postoperative pulmonary complications is much less 
than if any bronchiectatic pulmonary tissues remain, especially on the 
side of the operative intervention. It seems to be of greater signifi- 
cance to have the remaining pulmonary tissue on the side operated upon 
normal than to have an entirely normal contralateral lung. Although 
some of our patients had bilateral bronchiectasis, we have had little 
difficulty with postoperative complications in the contralateral lung. 
On the other hand, even a relatively slight degree of bronchiectati¢ in- 
volvement in the remaining pulmonary tissue on the side of operation 
has frequently been a factor in postoperative morbidity. 


The degree of pulmonary fibrosis and emphysema should be consid- 
ered in evaluating the patient’s status. Due to the constant presence 
of infection within the tracheobronchial tree as a result of bronechiee- 
tasis of one lobe, progressive damage may occur throughout both lungs. 
When an acute pneumonic process occurs in the course of chronic 
bronchiectasis, the pneumonitis is frequently present in portions of the 
same or opposite lung which are free of bronchial dilatations. 
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It has been my impression that the presence of pulmonary fibrosis 
and emphysema increases the hazard of any type of operative interven- 
tion. The degree of this type of pathologic change should be given con- 
sideration in deciding on the advisability of pulmonary resection for 
bronchiectasis, particularly in the older age group. A lung which is 
the seat of pulmonary fibrosis and emphysema has a poor resistance to 
infection. The loss of elasticity of the pulmonary parenchyma seriously 
impairs the ventilatory function. Moreover, correlation between ven- 
tilation and circulation is readily disturbed and may easily result in im- 
paired oxygenation of the blood, with resultant anoxia. The insidious 
progression of fibrosis and emphysema throughout the lungs is a strong 
argument in favor of early, adequate surgical therapy in those cases of 
bronchiectasis in which radical treatment is feasible. In the series of 
cases of bronchiectasis treated by lobectomy which have been reported, 
the operative mortality has been lowest in the vounger age group. 

The main objects of the preoperative preparation of the patient are: 
(1) to obtain a maximum subsidence of the inflammatory process in the 
bronchial walls and adjacent pulmonary parenchyma, (2) diminution 
in the amount of bronchial secretions, (3) diminution in the virulence of 
the bacterial flora of the tracheobronchial tree, and (4) improvement 
of the patient’s general condition. 

Since bronchiectasis is a chronic disease with exacerbations and _ re- 
missions depending on the degree of activity of the bacterial infection, 
the operation should be performed during a remission. Only rarely 
is operation indicated in the face of local and systemic signs of acute 
infection. Continued hemorrhage may occasionally urgently indicate 
a lobectomy, but in many such eases infection is not a marked feature. 
It may be advisable to allow weeks or months to elapse before perform- 
ing a lobectomy. This is, naturally, in contrast to the indications in 
some other types of pulmonary suppuration, such as multiple pulmonary 
abseess. Some surgeons have preterred to perform elective lobectomies 
in bronchiectasis only in the season of the vear in which the incidence 
ot respiratory infections among the general population was relatively 
low. 

Postural drainage and bronchoscopic aspiration play an important 
role in preparing a patient for pulmonary resection. By these measures 
a marked reduction in the amount of bronchial secretion may oceur. 
As a result of lessening of the stagnation of purulent material in the 
dilated bronchi, a fetid type of bronchiectasis may temporarily become 
nonfetid. 

Sulfonamide therapy is of value in the preoperative preparation, par- 
ticularly if there is clinical evidence of infection present. Sulfonamides 
administered orally result in a satisfactory concentration of the drug in 
the bronchial secretions. 
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In the absence of serious, prolonged, acute infection, the patient 
with chronic bronchiectasis is usually in a relatively good nutritional 
status. Not infrequently the patient's general appearance belies the 
serious nature of the pulmonary lesion. If. due to a recent flare-up 
of the infection, a deficiency state exists, this should be corrected pre- 
operatively by adequate therapy. Anemia, vitamin deficiencies, and 
hypoproteinemia should be corrected by the usual measures. 

Events During Operative Procedure Which Influence Postoperative 
Morbidity and Mortality.—The early literature on pulmonary resection 
contains many reports of death during or immediately following opera- 
tion as a result of asphyxia, hemorrhage, and cardiac failure. It is my 
firm conviction that relatively: few of the deaths listed as due to cardiac 
failure were primarily caused by a damaged myocardium. Certainly 
in most instances the cardiae collapse was secondary to serious dis- 
turbances in intrathoracic physiology and usually associated with se- 
vere anoxia. If adequate attention is directed to the avoidance of 
cardiac damage by anoxemia or direct irritation of the heart by op- 
erative manipulation, relatively few patients in whom surgery is in- 
dicated for bronchiectasis will die as‘a result of cardiae failure. 

The prime considerations in lessening the hazards at the time of 
operation are: (1) maintenance of an unobstructed airway, (2) adequate 
pulmonary ventilation to insure adequate oxvgenation of blood, (3) the 
avoidance of unnecessary reflex stimulation by surgeon and anesthetist, 
(4) careful operative technique with emphasis placed on the avoidance 
of trauma and blood loss, rather than efforts directed to reducing the 
length of the operation, and (5) reduction of the physiologie disturb- 
ances necessitated by the operative intervention to a minimum. 

In a disease in which large quantities of infected secretion are present 
in the air passages even prior to the induction of anesthesia, the problem 
of maintenance of an adequate airway may be particularly great. If 
bleeding from the bronchi should be present at the time of operation, 
the risks are greatly increased because of the possibility of obstruction 
from a blood clot. The great responsibility of the anesthetist in the 
maintenance of a clear airway during thoracic operations has been dis- 
cussed at considerable length elsewhere.' 

The airway cannot be considered ideal if there is any degree of anox- 
emia present, or any obstruction to ventilatory motion of either lung. 
Cyanosis is usually only evident when a considerable degree of anoxemia 
is present and should always be considered a potential!y dangerous sign. 
In my experience a thoroughly satisfactory airway in cases of bronchiec- 
tasis can be assured only if an intratracheal tube is utilized. The theo- 
retical objections which may be raised against the use of an intra- 
tracheal tube seem to be far outweighed by the practical advantage it 
affords. Because of obstruction in the airway there may be interference 
with pulmonary ventilation. By attempting to inspire against a re- 
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sistance, an abnormally great negative pressure is developed in the 
bronchial system. Drinker and Warren? have demonstrated that a 
markedly negative intrabronchial pressure has a suctionlike effect on 
the fluid in the capillaries and interstitial tissues, and results in fluid 
accumulation in the alveoli. Such an occurrence may be the forerunner 
of atelectasis or pulmonary edema. The lung on the side operated upon 
should be inflated at regular intervals by the anesthetist to lessen the 
hazard of postoperative edema of the pulmonary tissues. 

Reflexes may at times be the source of serious difficulty for both an- 
esthetist and surgeon. Most of the reflexes with which we are con- 
cerned in thoracic surgery are mediated through the vagus. The an- 
esthetist may initiate reflexes by manipulation in the pharynx, larynx, 
or tracheobronchial tree. The surgeon may cause vagal reflexes by trae- 
tion on mediastinal structures or by the application of a tourniquet 
or clamp on the bronchus. The injection of procaine around the pul- 
monary hilum prior to resection has been recommended in order to 
block the vagal impulses from the operative site. In some instances this 
seems to be of definite value. In view of the meager information that 
is at present available concerning the effect of nerve impulses on the 
control of the interstitial fluid balance in the lung, it is not yet certain 
whether blocking of the vagus has any undesirable side effects. If the 
surgeon should cause marked brachveardia or apnea by vagal stimula- 
tion, it is of the utmost importance that the operative manipulation be 
temporarily interrupted in order to permit the patient to regain fully 
his equilibrium. 

The development of the technique of hilar dissection for a lobectomy 
has re-emphasized the importance of meticulous care in operative tech- 
nique. This type of operation cannot be carried out safely if speed is 
considered to be of great importance. I feel that it has been con- 
clusively demonstrated that if the patient’s pulmonary ventilation is 
entirely satisfactory and the blood loss during operation is moderate, 
prolonged intrapleural operative procedures can be performed with 
relatively little fear of shock. 

Factors in Postoperative Management Which Influence Morbidity.— 

The chief considerations in postoperative management are: (1) the 
avoidance of retention of bronchial secretions, (2) the early expansion of 
the remaining pulmonary tissue on the side of operation, and (3) the 
avoidance of anoxia. 

It is essential that the tracheobronchial tree be cleared of secretion 
before the patient leaves the operating room. In many clinics postop- 
erative bronchoscopy is a routine procedure. Certainly if there is any 
question concerning the thoroughness with which the secretions have 
been removed by catheter suction of the trachea, a bronchoscopy should 
be performed. As soon as the patient regains consciousness he should 
be urged to cough, in order to clear the air passages. Catheter sue- 
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tion of the pharynx and trachea must be utilized at the slightest in 
dication of retained moisture in the tracheobronchial tree. If the seere- 
tions are thoroughly removed early, the tendency for further secretions 
to develop will be less pronounced. Constant nursing care directed to- 
ward elimination of bronchial secretion is most essential. If these fae- 
tors are not thoroughly realized, the morbidity and mortality for pul- 
monary dissection for bronchiectasis, especially if bilateral, will be much 
greater than necessary. If at any time the secretions cannot be ef- 
feetively evacuated by coughing, on the part of the patient, some type 
of suction must be employed. The method of intratracheal suction ad- 
vocated by Haight and Ransom®* has proved most valuable. If this pro- 
cedure does not adequately remove the secretions, bronchoscopy should 
be performed without delay. It is my impression that bronchoscopy 
is often delayed too long. An expertly performed bronchoscopy is not 
a particular ordeal for most patients, and they often feel more com- 
fortable following the procedure because of easier respiration. Re- 
tained bronchial secretions are the most important single factor in pro- 
ducing postoperative pulmonary collapse. If even a small degree of 
bronchiectasis is present in the remaining lobe on the side of operation, 
the possibility of collapse is increased due to the difficulty in expelling 
the secretions. 

Early expansion of the remaining lobe greatly reduces postoperative 
morbidity. I am in thorough accord with those who feel that, at least 
with modern surgical technique, the pleural complications following 
lobectomy are chiefly secondary to intrapulmonary complications. If 
the remaining pulmonary tissue can adequately re-expand, serious 
pleural infections are now uncommon. If the lobe fails to expand, an 
extensive empyema may be feared in addition to the consequences of 
the intrapulmonary process itself. In the series of 154 cases from the 
Brompton Hospital analyzed by Gowar,* 33 per cent of the patients had 
postoperative collapse of the lung following lobectomy. More than one- 
third of all the deaths were due to secondary suppuration in the un- 
expanded lobe. In the series of cases he analyzed, there was a mortality 
rate of 5.8 per cent from this one cause alone. Although Gowar did 
not place great emphasis on retention of bronchial secretion as a cause 
of the complications, it is my own impression that constant attention 
directed toward the avoidance of retained bronchial secretions will 
greatly lessen this hazard. In my series there was a 10 per cent in- 
cidence of collapse of the upper lobe following lower lobe lobectomy, 
and in each instance the lobe re-expanded without evident permanent 
damage. 

I agree with Chesterman’ that postoperative collapse of the re- 
maining lobe is the most important single factor in postoperative mor- 
bidity. The role which the presence or absence of pleural adhesions 
over the remaining lobe plays in the development of postoperative col- 
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lapse is the subject of considerable debate. Gowar* analyzed the in- 
fluence of adherence of the remaining lobe in relation to postoperative 
pulmonary collapse. In a series of 154 lobectomies for bronchiectasis 
performed at the Brompton Hospital, there were fifty-one cases of post- 
operative collapse. In the group of cases in which no adhesions were 
present, the incidence of collapse was 48.6 per cent; in cases in which 
the remaining lobe was partly adherent the incidence of collapse was 
24.2 per cent, whereas in cases in which the remaining lobe was adherent 
to the chest wall, only 17.7 per cent had postoperative collapse of the 
upper lobe. An analysis of my cases also indicates the greater likeli- 
hood of postoperative pulmonary collapse if the remaining lobe is free. 
The presence or absence of pleural adhesions, however, is not the pri- 
mary factor in the production of pulmonary collapse. It is rather the 
obstruction of the bronchus of the lobe by retained secretion, or other 
factors which prevents air from entering the lobe and thus expanding 
and filling the hemithorax. It is my feeling, therefore, that all efforts 
should be directed to the removal of bronchial secretions rather than 
the production of pleural adhesions prior to lobectomy. 

Cowart found that massive collapse occurred nearly two and one-half 
time more frequently in lobectomy of the left side than after operation 
on the right side. He thought that this occurrence might be explained 
by the anatomic arrangement of the left upper lobe bronchus, which 
would favor the retention of secretion during an operation performed 
in the head-down position. Also, edema of the orifice of the upper lobe 
bronchus might result from operative manipulation in the hilar area. 
Another factor which must be taken into consideration is the possibility 
of injury to the blood vessels of the upper lobe during a lower lobe 
lobectomy, especially on the left side. Obstruction of a pulmonary 
artery is followed by shrinkage and collapse of the corresponding por- 
tion of the lung with the late development of fibrosis. In my series all 
of the cases of pulmonary collapse occurred on the left side, except in 
a ease of situs inversus. The predominance of pulmonary collapse of 
the left side cannot be entirely accounted for by the greater frequency 
of bronchiectasis on the left side, because in almost one-third of my 
cases the right lower lobe was operated upon. The great frequency of 
bronchiectasis in the lingular portion of the left upper lobe may well 
be a factor of importance. 

The remaining pulmonary tissue on the side operated upon will not 
re-expand satisfactorily if there is an accumulation of fluid or air within 
the pleural space. Therefore, adequate closed drainage in the early 
postoperative period is most helpful. A tube of sufficient size must be 
properly placed, especially in relation to the diaphragm, in order to 
assure the evacuation of air and fluid from the pleural cavity during 
the first day or two after operation. If loculation of pleural fluid oc- 
curs, thoracentesis is indicated. 
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In the early period of pulmonary resection it was considered a great 
advantage to have the upper lobe adherent to the chest wall if the lower 
lobe was to be resected, and therefore a two-stage operation was advo- 
cated. Intrapleural operations at that time were attended by a high 
incidence of empyema, and the pleural infection frequently involved the 
entire hemithorax unless the upper Icbe was broadly adherent.  Ex- 
perience has shown, however, that the most important single factor in 
reducing the incidence of postoperative empyema after lobectomy is the 
‘arly complete re-expansion of the remaining lobe, so that the pleural 
space on the side operated upon is obliterated shortly after operation. 
The expansion of the remaining lobe over the stump of the resected 
lobe greatly lessens the incidence of bronchial fistula and empyema. If 
a hilar dissection type of lobectomy has been performed and the remain- 
ing lobe expands well, an empyema of clinical significance is uncommon. 
Therefore, at the present time it is not considered necessary by many 
surgeons to have adhesions over the remaining lobe prior to lobectomy. 
In fact, adhesions over the remaining lobe may interfere with rapid ex- 
pansion of that lobe and early obliteration of the pleural space. On the 
other hand, if the remaining lobe remains collapsed or re-expands 
poorly, the incidence of empyema will be high. 

Following pulmonary resection there is often a mild degree of anox- 
emia which may last for several days even in the absence of serious post- 
operative complications. Obviously, any obstruction to the airway or 
pneumonic¢ process in the remaining pulmonary tissues can cause serious 
anoxemia. Maier and Cournand® have shown that there may be a more 
prolonged and severe degree of anoxemia after an uncomplicated lobec- 
tomy than following pneumonectomy. This is explained by the fact 
that the remaining lobe on the side operated upon ventilates poorly 
in the early postoperative period, while the pulmonary cireulation 
through that lobe is not correspondingly reduced. This imbalance be- 
tween ventilation and circulation results in inadequate oxygenation of 
the blood leaving the remaining lobe on the side operated upon. Oxy- 
gen therapy is therefore indicated in the postoperative period, particu- 
larly if there is any question of impairment of the coronary blood flow. 


SUMMARY 

A series of sixty-four consecutive cases of bronchiectasis in which pul- 
monary resection was performed is presented. In fifty-five cases a 
lobectomy was done, and in nine cases a pneumonectomy was performed. 
There was one operative death in the entire series, giving a mortality of 
1.6 per cent. 

The postoperative complications are analyzed. 

Factors which influence the morbidity and mortality of pulmonary 
resections are discussed. 
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THE SURGICAL TREATMENT OF CONGENITAL ATRESIA OF 
THE ESOPHAGUS 


GroRGE H. Humpureys, II, M.D., New York, N. Y. 
(From the Department of Surgery, Babies Hospital, and the College of Physicians 
and Surgeons, Columbia University) 


ONGENITAL anomalies of the esophagus occur in considerable 
variety but as yet no classification has been commonly agreed upon. 
Many of these anomalies are exceedingly rare and are described only 
in grossly malformed monsters, and most of them are, or have been 
considered, incompatible with life. There is, however, a group which 
oceurs relatively frequently and as the only anomaly offering a serious 
threat to survival often enough to challenge surgical intervention. For 
the purposes of a discussion of treatment, therefore, the all-inclusive 
classifications such as those of Phelps'® or Strong and Cummings?’ seem 
less useful than the simpler classification of Vogt,'!° who lists three 
types: (1) complete absence, (2) atresia without tracheal fistulas, and 
(3) atresia with fistulas between the trachea and the esophagus. The 
latter is further subdivided into (a) those with a fistula between upper 
segment and trachea, (b) those with a fistula between lower segment 
and trachea, and (c) those with fistulas between both segments and 
trachea. The first type cannot be treated, but the second and especially 
the third, which includes the great majority of reported cases, are now 
being treated surgically with increasing success. 

All of these anomalies are said to arise as developmental defects, 
rather than as the result of mechanical effects upon the growing fetus. 
Differentiation of the trachea from the esophagus is not a simple 
process of budding, but rather a complex combination of differing rates 
of growth which normally results in separation of the structure not 
only by downward growth of the tracheal bud, but also by an upward 
infolding of the walls of the primitive gut which unite to form an in- 
tervening septum. If the latter is incomplete or faulty, an anomaly 
results. This concept has been emphasized by Zeit® and Rosenthal’ 
and more recently expanded by Gruenwald.** It appears to explain 
the most common type of anomaly (3b) but is not altogether satis- 
factory in accounting for the less usual ones. But whatever the etiology, 
the anomalies follow a consistent pattern and so presumably have a com- 
mon cause. 

Characteristically babies born with this anomaly present little evi- 
dence of it at birth, except that they may have somewhat more pharyn- 
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geal mucus than usual and not infrequently require resuscitative pro- 
cedures to establish breathing. During the first twenty-four hours 
cyanotic spells are likely to be frequent, associated with the appearance 
of considerable frothy mucus in the mouth and nose. If the baby is 
vigorous, however, he may at first take care of this quite well and not 
become sufficiently cyanotic to be alarming. Real trouble is often not 
suspected until attempts at feeding result in immediate regurgitation 
of the fluid accompanied by alarming respiratory distress. In any in- 
fant showing these symptoms the anomaly should be suspected. If at- 
tempts to feed the baby are persisted in, aspiration pneumonitis rapidly 
develops and at the same time the baby becomes dehydrated. If the 
fistula between the trachea and lower segment is a large one, air will 
be passed downward through the lower segment into the stomach and 
will soon cause distention of the small intestine. The baby may pass 
meconium, especially during the first day or two, but this will be small 
in amount. 

Diagnosis can be verified simply and safely by passing a small catheter 
into the esophagus. This will pass readily into the stomach in any 
normal infant. If it meets obstruction at the level of the thoracie in- 
let, and this may be verified by fluoroscopy, the diagnosis can be made 
definitely. Attempts to outline the anomaly with contrast media, es- 
pecially barium, are unwise since this almost always overflows from 
the upper pouch into the lungs. Since the type 3b anomaly (Fig. 1) 
is present in over 80 per cent of all cases, it should usually be assumed 
that this is the condition involved and the treatment given should be 
on that assumption. 

There are three conditions presented by any of these anomalies which 
must be met if the baby is to be saved. The secretions from mouth and 
nose, which cannot be swallowed, must be prevented from overflowing 
into the trachea; gastric contents must be prevented from passing up- 
ward through the esophagus into the lung through the fistula; and 
provision must be made for feeding. Perhaps because the anomaly 
usually goes unrecognized until repeated attempts at feeding have failed, 
the feeding problem has often been considered of first importance. Yet 
it is obviously not the most immediate consideration, since well-nour- 
ished newborn infants can be maintained for considerable periods by 
carefully administered parenteral fluids. There is, in fact, a report of a 
baby with the usual type of atresia and tracheo-esophageal fistula, which 
survived for thirty-seven days without feeding.*? Almost always, how- 
ever, these babies, when untreated, die much sooner than this as a result 
of respiratory failure due to flooding of the lungs with mucus. This 
symptom, indeed, is usually the first to appear, and should lead the alert 
pediatrician or obstetrician to suspect the condition before feeding is 
attempted. It can be treated palliatively, sometimes with success, by 
maintaining a head-down position and by frequent aspiration of the 
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pharynx, but any procedure designed to achieve permanent relief must 
provide for drainage from the mouth, through the upper esophagus, and 
it seems desirable that the first procedure should do so. 

Regurgitation from the stomach through a tracheo-esophageal fistula 
becomes important only when a procedure to permit feeding is carried 
out. A long and uniformly dismal record of fatalities following gastros- 
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Fig. 1.—A drawing of the viscera removed at autopsy, viewed from behind, to show 
a typical anomaly of the commonest type (type 3b). The pharynx connects with a 
blind upper pouch which ends somewhat above the level of the tracheal bifurcation. 
The lower esophageal segment communicates directly with the posterior wall of the 
Biase? at the bifurcation. Shown also is an incidental renal anomaly. (From 
ass. 
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tomy alone attests the fact that drowning by feeding always results un- 
less the communication between stomach and trachea is closed, or unless 
the anomaly is one in which a fistula is not present (type 2 
and type 3a). The observation that an opening between trachea and 
lower esophagus usually results in the stomach becoming filled with air 
has led to an assumption (Vogt?®) that absence of gastric distension 
eould be used to differentiate anomalies which lack this opening (types 
2 and 3a) from those which have it (types 3b and 3c). This has proved 
to be false, as emphasized by Haight and Towsley*® and demonstrated 
in this series (Fig. 2). Because types 3b and 3c constitute over 80 


A. B. 


Fig. 2.—Roentgenograms made after injecting lipiodal through a gastrostomy tube. 
The anomaly has been outlined by regurgitation of the oil upward through the 
tracheo-esophageal fistula into the lungs, and into the upper esophageal pouch. This 
picture was made in a living baby (Case 16) and illustrates not only the usual anom- 
aly, but also the ease with which gastrostomy feedings fill the upper esophagus 
and respiratory tract. Since gastrostomy, without other procedure, was done on the 
false assumption that no fistula was present because the child at no time showed 
gastric distention, the picture also demonstrates the fallacy of that reasoning. 


per cent of all cases, the presence of a fistula between trachea and lower 
segment must be assumed to be present in all cases, and it must be 
eliminated before any procedure to provide for feeding is done. Once 
the first two conditions have been met the problem of feeding becomes 
simple. 

These basic principles have been slow to emerge. The obvious failure 
of gastrostomy led first to the hope that by jejunal feeding, regurgita- 
tion could be avoided, but it was found that jejunostomy was not only 
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an unsatisfactory method of feeding but also that material soon found 
its way back into the stomach. It has seldom been used.2 2° Richter* 
was the first to attempt a direct attack on the fistula in the mediastinum, 
but although suggestions for similar procedures were made by Lilien- 
thal in 1926'* and Iglauer in 1934,?? as recently as 1936 Heatley,®° con- 
sidered that an intrathoracic approach presented ‘* insurmountable prac- 
tical difficulties.’? As a result, attempts were made to close the ab- 
dominal esophagus by ligation?! 24 2% 4° (Case 2, this series). Failure 
followed cutting through of the ligature in those infants who survived 
complications related to the untreated upper pouch. A more nearly sue- 
cessful approach, consisted in establishing drainage of the lower seg- 
ment by transection of the stomach with establishment of an upper 
tracheoesophagogastric fistula, and a separate lower gastric opening 
for feeding. Variations of this procedure were reported in 1936 by 
Heatley®” and Leven,*! both of whom discounted the problem of the 
upper pouch, and each of whom reported two patients who survived 
for much longer periods than any previous ones. Similar procedures 
were less successful, however, in subsequent cases reported by Rosen- 
thal,*? Gamble,** and Lanman.*® 

The most recent procedure predicated upon avoiding a direct thoracic 
approach is that of Carter.** He recognized the primary necessity of 
draining the upper pouch by first establishing a cervical esophagostomy 
through a cervical approach, then solved the problem of feeding with- 
out regurgitation by bringing a large part of the lower esophageal seg- 
ment down into the abdomen and transplanting it together with the 
fundus of the stomach under the skin of the anterior chest. This pro- 
cedure meets all three conditions, but although the patient survived 
over two months, death finally resulted from a pulmonary complication, 
perhaps related to the persistent presence of a blind esophageal pouch 
connecting with the trachea. <A theoretical objection to it also is the 
fact that in types 3a and 3c the upper segment could not be detached 
from the trachea without entering the chest. 


Meanwhile an increasing number of intrathoracic procedures were 
being carried out. Following Iglauer’s suggestion, Mixter?* began ap- 
proaching the anomaly directly through the right posterior mediastinum 
with the intention of establishing an esophagostomy for feeding by im- 
plantation of the lower segment in the back following division and 
ligation of the fistula, and draining the upper pouch by bringing it out 
in the back, or, later, in the neck. As reported by Lanman,*® three of 
the infants so treated survived for relatively long periods, but all re- 
quired abdominal gastrostomies, following retraction and closure of the 
opening in the back. In 1941, Leven*® reported the first operation to 
result in long survival, and at almost the same time Ladd* inde- 
pendently worked out an essentially identical procedure which was 
equally successful. These patients, now over 4 years old, and several 
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others operated upon since that time by the same surgeons, are still 
living. A method differing mainly in the sequence of procedures has 
also been successful in three of the cases reported here. 


By this technique drainage of the upper pouch is accomplished by 
cervical esophagostomy, regurgitation through the fistula is prevented 
by ligation and division of the tracheal communication in the medias- 


tinum, and feeding is maintained by gastrostomy. Leven performed the 
last procedure first, thus risking the danger of regurgitation in spite 
of special precautions to avoid it. He next ligated the fistula and last 
of all brought out the upper pouch in the neck. Ladd carried out a 
mediastinal ligation first and followed with a gastrostomy after a few 
days. He also brought out the upper pouch as a third procedure, through 
a cervical approach. Both methods have the disadvantage, then, of 
requiring constant attention to the pharyngeal secretions during the 
most eritical period, and may lead to late fatality if a fistula between 
the upper pouch and trachea is overlooked at the time of mediastinal 
exploration, since this cannot be corrected through a cervical approach. 
The procedure described here combines the cervical esophagostomy with 
the procedure of ligation and division of the fistula in the mediastinum, 
gastrostomy being delayed until healing of the mediastinum is firm. It 
has the advantage of being performable even after an attempt to obtain 
a direct anastomosis has proved impractical, and has been proved by 
experience to be feasible in the presence of a fistula between the trachea 
and upper pouch. In addition, the danger of aspiration of pharyngeal 
secretions is eliminated almost from the start. 

It has always been obvious that the theoretical ideal would be a direct 
anastomosis, but attempts have usually failed because of the technical 
difficulties of holding together structures so small, so friable and fre- 
quently so disproportionate in size. The first reported attempt, recorded 
by Shaw* in 1939, ended in failure typical of other unsuccessful at- 
tempts later reported by Lanman,*® Haight and Towsley,*® Ladd,* 
and in this series. Separation of the anastomosis and mediastinal or 
pleural infection usually occurs. With increasing experience, however, 
a few patients have survived, some of them without leakage or stricture. 
The sole survivor in this series, however, developed both of these com- 
plications yet at the time of this communication appears to be doing 
well. Because the tedious and technically awkward process of build- 
ing an anterior skin-lined tube to replace the esophagus is avoided, it 
has great advantages over any other procedure. It is desirable, then, 
to attempt a direct anastomosis in every case, although in many it will 
be found impossible to accomplish with even a reasonable hope of sue- 
cess. In these cases it seems best to abandon the attempt and carry out 
the procedure described here. 

In Table I are summarized 153 operative cases including nineteen 
reported here for the first time. These operations have been carried 
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A SUMMARY OF THE OPERATIVE PROCEDURES IN 153 REPORTED CASES 
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out by many different surgeons and often reported by pediatricians or 
pathologists, rather than by the surgeons who performed them, so that 
the details are not always available. Undoubtedly this list does not 
include all the operations which have been performed for this con- 
dition, especially in the first category, gastrostomy. Table I emphasizes, 
however, the fact that whereas isolated or small groups of cases were 
the rule up to five years ago, larger series are now being reported and 
that in those hospitals where experience has accumulated, a greater 
variety of procedures have been tried with a consequent improvement in 
results. 

The same tendency is shown in the twenty-seven cases of atresia re- 
ported here for the first time (Table II). These cover a twenty-year 
period in Babies Hospital, but during the first fifteen years of this time 
only eleven patients were seen and only three were operated upon. Un- 
questionably this changing record does not represent an altered in- 
cidence in the condition, but rather an increasing awareness of its ex- 
istence on the part of pediatricians and of willingness to attempt its 
correction on the part of surgeons. 


Two of the three patients operated upon during the first fifteen-year 
period had simple gastrostomies which resulted in death one and six 
days after operation through aspiration of the feeding. The third also 
had a gastrostomy and ligation of the abdominal esophagus, also re- 
sulting fatally. The sixteen recent cases have all been direct attacks 
upon the fistula in the chest except for one (Case 16). In this case the 
anomaly was mistakenly thought to be type 2 (atresia without fistula) 
because the infant showed no air in the stomach eight days after birth. 
Gastrostomy only was done with the usual death by aspiration of feed- 
ing (Fig. 2). In two patients (Case 12 and Case 19) approach was 
through the pleural cavity; the remaining 13 were all through the medi- 
astinum. In two other patients (Cases 12 and 13) the procedure con- 
sisted merely of ligation of the fistula in the chest and gastrostomy. 
When carried out transpleurally it resulted in death from respiratory 
failure three days later; when carried out in the mediastinum the infant 
survived fourteen days, dying then because of the cutting through of 
the ligature and re-establishment of the fistula with consequent aspira- 
tion of feeding. This outcome followed a similar procedure in Ladd’s 
series.*2 The remainder were all undertaken with the intention of car- 
rying out a direct anastomosis and in six this was done. In the other 
seven cases either no attempt was made because it was apparent that 
the interval between the segments was too great, or an unsuccessful 
attempt was made and abandoned in favor of the more conservative 
procedure of ligation and cervical esophagostomy. The latter procedure 
has been suecesstul in three of the seven cases, whereas only one of the 
direct anastomoses has succeeded. 

The anomalies were of the characteristic type 3b (Fig. 1) in twenty- 
two of the twenty-seven cases (82 per cent). This frequency is similar 
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to that in most reported series. There were four cases of atresia with- 
out fistula, only one patient being operated upon. There was one in- 
stance (Case 22) in which fistulas were present between both segments 
and the trachea (type 3¢). This patient is of particular interest since 
the condition demonstrates the feasibility of repairing an opening in 
the membranous portion of the upper trachea, as well as ligating a lower 
tracheal fistula, a procedure which would not be possible if the attempt 
had been made to carry out the cervical esophagostomy without opening 
the chest as recommended by Leven and Ladd. The baby did well for 
two months, but the attachment of the upper segment to the skin of 
the neck had been made under too much tension and subsequently re- 
tracted. When the cervical stoma closed, aspiration of pharyngeal 
mucus recurred and proved fatal. 

Contrary to common belief the associated anomalies are relatively 
infrequent and unimportant. They were present in only ten of the 
twenty-seven cases. In only one case (Case 27) were they of sufficient 
severity to influence the outcome. They were present in two of the four 
surviving patients, one of whom had hemivertebrae and the other a 
congenital heart murmur without evanosis. The argument that the 
babies presenting this anomaly are congenitally defective in other ways 
and therefore not worth saving does not appear, then, to be valid. 


PROCEDURE 


The earlier operations were carried out under various types of an- 
esthesia, but the last ten have been done using only a little novocain in 
the skin and thereafter no anesthesia at all. An anesthetist has al- 
ways been present to administer oxygen under positive pressure from 
time to time and to keep the nasopharynx clear of mucus by frequent 
aspiration. It is probable that the avoidance of general anesthesia is an 
important factor in these babies’ survival as is shown by the fact that 
all of the babies in this series have survived for at least forty-eight 
hours after operation, in contrast to the frequent deaths of shock during 
or immediately after operation in cases reported from other hospitals 
where general anesthesia has been used. 

The baby is placed on his abdomen lying across a hot-water bag about 
one-half full of warm water. The thorax is tilted slightly to the right 
by means of a tolded towel and the head is turned to the right. A small, 
tightly fitting mask is used for the occasional administration of oxygen 
under slight pressure, but for much of the time the baby breathes room 
air. The arms and legs are held in the position illustrated (Fig. 4) 
with carefully padded restraints. 

A eurved incision is made beginning about 1 em. lateral to the spine 
over the second rib, and passing downward parallel to the spine over the 
third and fourth ribs and thence laterally just medial to the vertebral 
border of the scapula, crossing the fifth rib at an oblique angle and end- 
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ing over the sixth rib (Fig. 54). The trapezius and rhomboid muscles 
are divided across their fibers in the same plane as the skin incision. 
Oceasionally some of the upper fibers ot the latissimus dorsi also require 
division. The attachments of the paraspinal muscles to the second, 
third, and fourth ribs are then divided and a 2 cm. segment of the fifth 
rib is resected subperiosteally. Great care is necessary to avoid punctur- 
ing the pleura when the periosteum is separated from the inner sur- 
face of the rib. By resecting a segment of rib of this length, however, 
it is possible to expose the plane between pleura and chest wall with- 
out great difficulty. 


Fig. 4.—A drawing to show position of infant on operating table as viewed from 
above. Restraints are used on forearms and lower legs to maintain this position. 
The infant is placed across a warm hot-water bottle not only to maintain warmth but 
also to flex the spine slightly to the left. Not shown is a small, folded towel under 
the right shoulder to maintain rotation of the thorax. The curved incision around 
the right scapula is indicated. 


The pleura is then gently stripped away from the neck of the fifth 
rib and the dissection carried upward in the same plane under the 
fourth rib, the neck of which is divided after ligating the intercostal 
muscle bundle. In a similar fashion the intercostal muscle bundles and 
necks of the third and second ribs are divided (Fig. 5B). The pleura 
is then lifted away from the necks of the ribs as far forward as their 
articulations with the spine, at which point the azygos vein comes into 
view (Fig. 5C). This vein is ligated and divided at the point where it 
arches forward across the mediastinum. When this has been done the 
posterior mediastinal pleura can be gently pushed forward away from 
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Fig. 5.—Steps in the operative procedure: A, Exposure of the upper five ribs fol- 
lowing division of muscles and retraction of scapula. B, Showing extent of rib resec- 
tions and incision through the fifth rib bed to expose the underlying pleura. C, The 
pleura has been retracted laterally and forward away from the necks of the ribs to 
expose the azygos vein. The upper pouch is barely visible: the lower segment is 
not yet exposed. D, Ligation and division of the azygos vein permits further retrac- 
tion of the pleura exposing the anomaly. E, A direct anastomosis has been accom- 
plished by drawing the upper pouch downward and anastomosing it to the lower seg- 
ment following division and ligation of the tracheo-esophageal fistula. 
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the esophagus and trachea. The fingerlike blind end of the upper pouch 
is usually readily identified. If it extends fairly deep into the chest 
no traction is needed to keep it within view. But if it is unusually short 
it may disappear almost completely into the neck when the patient at- 
tempts to swallow. In this ease it is desirable to pass a traetion suture 
through its tip so that it may be gently drawn downward into the op- 
erative field whenever desired. Immediately anterior to the blind pouch 
lies the main column of the trachea and this can be followed downward 
to its bifurcation at approximately the level of the ligated azygos vein. 
At this point the lower esophageal segment is typically found to emerge 
as a small stalk, either from the posterior membranous portion of the 
trachea or from the bifureation itself. Occasionally it has been de- 
scribed as coming from one of the primary bronehi, although that has 
not been the ease in any of the patients reported here. In some in- 
stances there is no tracheo-esophageal communication, in which case the 


lower esophageal segment may not be apparent in the operative field 


(as in Case 25). 

After clarifying the nature of the anomaly, a decision must be made 
as to its treatment. If a tracheo-esophageal fistula is present, correction 
of this must be the first step. This is aeeomplished by ligating the upper 
end of the lower esophageal segment as close to its entrance into the 
trachea as possible. A second ligature is then placed a millimeter or 
two below the first and the esophagus is divided between them.  At- 
tempts to invert either end of the esophagus are usually ineffective and 
have proved to be unnecessary. If it is thought that an attempt to 
perform a direct anastomosis is justifiable, it is better not to place 
the second ligature, but rather to insert a stiteh through the muscularis 
of the lower segment and then eut aeross the lumen without attempting 
to keep it closed. Clamping the esophagus is undesirable since it crushes 
the tissue and may lead to reopening of the fistula. 

When the lower esophageal segment has been seperated from its at- 
tachment to the trachea, the upper pouch is dissected free of its attach- 
ments, carrying the dissection well upward into the base of the neck. 
Ordinarily these attachments are very loose and the dissection is easily 
accomplished, but in one instance (Case 22) the upper pouch was found 
to be very adherent to the membranous portion of the trachea so that 
the latter was entered in separating the two structures. It is probable 
that an actual fistula was present at this point. In this case the 
trachea was repaired by continuous suture without subsequent leakage 
into the mediastinum. When the upper pouch is free, it may be drawn 
down into apposition with the cut end of the lower segment and an 
anastomosis performed by making a small opening through all layers 
of the pouch, suturing this opening to that of the lower segment with 
interrupted mattress sutures, and reinforcing the suture line by draw- 
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ing the outer surface of the upper pouch downward over the anastomosis 


(Fig. 52). This procedure is a tedious one and if the gap between 


the two segments is more than 1 em. before the anastomosis is begun, 
it will usually be found that the first vigorous respiratory effort on the 
part of the infant causes a disruption of the anastomosis. Under these 
circumstances it should not be attempted. 

In order to prevent pursing of the esophagus at the point of anas- 
tomosis it has been found convenient to slip a fairly stiff rubber catheter 
into the esophagus, preferably inserting its base into the upper pouch 
and pushing it upward into the mouth, after which the tip ean be in- 
serted into the lower segment. Jis presence will ensure a lumen of at 
least the diameter of the catheter and small gaps in the anastomosis will 
be more easily detected than if the esophagus is left empty. In the 
earlier anastomoses the catheter was frequently left in place after op- 
eration in the hope that it might be utilized for gavage feeding. This 
practice is now considered undesirable since the baby is stimulated to 
nurse constantly on the tube in the pharynx, thus inereasing its oral 
secretions and putting an unnecessary strain on the anastomosis. If 
the anastomosis is satisfactory, normal swallowing will be established 
within ten days; if leakage becomes apparent, a gastrostomy is neces- 
sary. 

If it has been determined that anastomosis is not feasible, either be- 
cause the leneth of the gap is too great or because the lumen of the lower 
segment is too small, the lower segment may be ligated near its cut end 
and dropped back into the mediastinum. <A finger is then passed up- 
ward along the posterior surface of the trachea into the base of the neck 
where it can easily feel the subclavian vessels and the great vessels of 
the neck. The towels which drape the patient are moved slightly to ex- 
pose the supraclavicular region and the neck in the region of the supra- 
sternal notch. In some instances it has been found simpler to make an 
incision lateral to the sternomastoid muscle, but it is more desirable to 
place it between that muscle and the trachea just above the sternum. 
Through this incision a blunt clamp is passed, guiding its progress with 
the finger tip in the wound, into the upper posterior mediastinum. Here 
it grasps the traction suture on the tip of the esophageal pouch so that 
the latter is drawn upward and forward through the neck incision when 
the clamp is withdrawn (Fig. 6). 

If it is felt that contamination of the mediastinum from the trachea 
or upper esophageal pouch has been considerable, it may be considered 
desirable to dust the exposed mediastinal tissues with sulfadiazine 
powder. This procedure, however, has resulted in very high blood 
sulfadiazine levels for several days in some of the patients in whieh it 
was earried out. If a direct anastomosis has been done, it is probably 
best to drain the posterior mediastinum as more or less leakage is to 
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be expected. It is usually not practical to attempt to close the inter- 
costal muscles, although in some eases it is desirable to do so, especially 
if the pleura has been inadvertently entered. The wound is closed 
around the drain, if present, by interrupted sutures through the rhom- 
boid and trapezius muscles and the skin is closed with interrupted 
sutures. Both silk and catgut have been used in these procedures; no 
conspicuous difference has been noted in relation to the suture material. 


Fig. 6.—A diagram to show the method by which the upper esophageal pouch is 
brought out in the neck after it has been dissected free in the mediastinum, in those 
cases in which anastomosis is not possible. 

After the posterior wound has been closed and a dressing applied, 
the baby is turned on its back and redraped to expose the wound in the 
neck through which the pouch has been drawn. An opening is made 
in the end of the pouch in the direction of the muscular fibers corre- 
sponding in length to the skin incision. If there is any tension or tend- 
ency for the pouch to retract into the neck, it is advisable to place several 
deep sutures between the muscularis of the pouch and the deep fascia 
or sternomastoid muscle in the neck. The skin and mucous membrane 
are then approximated with interrupted sutures, preferably very fine 
chromie catgut so that removal will not be necessary. The patient is 
then returned to the ward in an oxygen tent or closed bed in which a 
high oxygen tension can be maintained. Moderate external heat is 
desirable in most cases and the child should be kept in slight Trendelen- 
burg position, lving on his back or right side. 


POSTOPERATIVE CARE 


It is essential to have a suction apparatus constantly at the bedside 
and to keep the mouth and pharynx clear of mucus which tends to ae- 
cumulate, especially during the first few days while the cervical stoma 
is closed due to postoperative edema. As soon as this edema subsides, 
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and drainage from the neck is established, the danger of sudden suffoea- 
tion by aspiration of saliva is much less but not entirely absent. Since 
no provision is made for feeding on the first procedure, it is necessary to 
maintain fluids parenterally. Infusions or transfusions may be de- 
sirable, but the main reliance must be on hypoedermoclyses of glucose, 
saline, and amigen. At the same time it is necessary to guard against 
overhydration and nitrogen retention which may occur because of de- 
pressed renal function during the first week or more. 


Fig. 7.—Patient (Case 26) four months after primary anastomosis, followed by 
gastrostomy. A string is being kept in the esophagus emerging from nose and gas- 
trostomy in order to maintain occasional dilatations. A short tube is also still pres- 
ent in the gastrostomy opening, but the infant takes all her feedings by mouth. 
The well-healed right thoracic scar is evident. 

Gastrostomy for feeding purposes has usually been delayed until the 
fourth or fifth day after the first procedure in order to allow sufficient 
healing of the upper end of the lower esophageal segment so that 
regurgitation into the wound may be avoided, and also because at the 
time of the first procedure many of these children are suffering from 
pneumonia which should be given time to resolve before subjecting them 
to a second. 
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When direct anastomosis has been performed, it is considered best 
not to try oral feedings for at least one week. Saliva and nasal mueus, 
however, will be swallowed continually and if a leak or separation in the 
anastomosis is present this material will accumulate in the mediastinum 
or pleura unless it is allowed to escape through a drainage tract. This 
leakage, with consequent infection in pleura or mediastinum, was respon- 
sible for the death of three patients of the six in whom anastomoses had 
been done. Two of the others died of respiratory complications too soon 
after the operation to know whether leakage would have occurred. The 
one surviving patient also showed profuse leakage of nasal and oral 
secretions through the drainage tract in the posterior mediastinum for 
a period of ten days. A gastrostomy for feeding purposes will, there- 
fore, be necessary in many of the patients with direct anastomosis. 


Fig. 8.—X-rays taken after swallowing of lipiodal one month after primary anas- 
tomosis, showing free passage of oil into the stomach, but an area of stenosis at the 
anastomotic site. This was later dilated. 

The gastrostomies have all been performed in the anterior wall of the 
antrum of the stomach, using local anesthesia and inserting a catheter 
either by the Witzel technique or with multiple purse-string sutures. 
The operation is usually well borne and free of complications. Feeding 
through the gastrostomy is begun the day after operation and can be 
advanced rapidly from clear fluids to an evaporated milk formula in 
many small feedings. As soon as this is established, the babies who have 
sueceeded in reaching this point usually gain quite rapidly and develop 
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without further complications. However. three months after the first 
operation one infant in this series died due to pulmonary complications 


secondary to retraction of the cervical pouch and reappearance of 


aspiration of mucus. 

Those infants who survive after formation of a cervieal stoma, 
closure of the fistula, and gastrostomy still present a considerable prob- 
lem. Ultimately it will be necessary to form some type of external 
skin-lined tube on the anterior chest wall in order to connect the cervical 
stoma with the stomach. As yet no such procedure has been attempted 
since it has been felt that the multiple-stage operations would not only 
be more easily carried out, but also better borne, after the first vear of 
life. 

SUMMARY 


The problem presented by infants born with atresia of the esophagus, 
usually associated with tracheo-esophageal fistula, has been discussed 
from the point of view of surgical care. It has been brought out that 
after a long period, during which the attitude was one of hopelessness, 
there has developed during the last decade a sufficiently concentrated 
experience so that a definite evolution of treatment has occurred which 
has finally resulted in the emergence of principles by which some, at 
least, of these babies ean be saved. This evolution has been traced by 
an analysis of 1384 operative cases reported by twenty-four authors 
during the last thirty years, to which have been added the nineteen 
operative cases among twenty-seven seen at the Babies Hosp‘tal during 
the past twenty years and not previously reported. Twenty-four babies 
have survived operation and are still living today (Table III.) Of 
these a direct anastomosis has been suecessful in eight. Sixteen have 
had the fistula divided in the mediastinum, the upper segment brought 
out in the neck, and a gastrostomy for feeding purposes. These 
present a considerable problem in reconstructive surgery. 


TABLE III 


ANALYSIS OF SURVIVING PATIENTS 


MEDIASTINAL LIGATION, 
CERVICAL STOMA, AND DIRECT ANASTOMOSIS 
GASTROSTOMY 
OPERATIONS SURVIVALS OPERATIONS SURVIVALS 


Leven 5 
Ladd and Gross 2! 8 2 
Haight and Towsley : 5 
Humphreys 1 
Total 16 8 


This record shows conclusively that these anomalies of the esophagus 
are not necessarily incompatible with life and that the most successful 
surgical approach to them lies in a direct attack upon the lesion in the 
mediastinum through a thoracie approach. 
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THE TRANSFUSION OF MASSIVE VOLUMES OF CITRATED 
WHOLE BLOOD AND PLASMA IN MAN 


CLINICAL EVIDENCE OF ITS SAFETY 


J. Garrorr ALLEN, M.D., Dwicut E. Cuark, M.D., 
THomas F, THornton, M.D., AnD W. E. Apams, M.D. 

(From the Department of Surgery of the University of Chicago) 


ECENTLY, reports from the laboratories of Ivy and associates’ 

and of Graham? have indicated that the liberal use of citrated blood 

and plasma may be hazardous, and they have warned against large trans- 

fusions in man. This warning is based upon experimental work per- 

formed on dogs in which they considered that citrate intoxication prob- 
ably accounted for the death of the animals transfused. 


At present, war casualties and the expanding scope of civilian surgery 
are often accompanied by a severe loss of blood. Such extensive blood 
loss must be replaced, preferably with blood, if fatalities from hemor- 
rhage are to be prevented. Hemorrhage of extensive magnitude may 


necessitate the use of massive transfusions. If, however, the liberal use 
of citrated blood or plasma is in itself harmful, then other less toxic 
replacement fluids should be substituted. 

During the past eighteen months we have had the opportunity to 
observe the effects of extensive blood loss and its replacement by large 
volumes of whole blood and plasma in fifty-three patients undergoing 
radical surgical operations. Kor the most part these patients were suf- 
fering from fairly advanced malignant disease. The clinical observa- 
tions during and after the use of large transfusions constitute the basis 
for this report. Only patients who received 1,500 ¢.c. or more of blood 
and/or plasma continuously, exclusive of citrate volume, are included. 


PRESENTATION OF DATA 


The cases comprising this report have been classified in Table I ae- 
cording to whether the operation was performed on the chest, abdomen, 
or both and the extremities. 

Table II shows the different volumes of blood and/or plasma adminis- 
tered, and the number of patients receiving these various amounts. 

Table III is a detailed summary of the fifty-three patients presented. 
Red blood counts and hemoglobin determinations were made within 


This work was aided by a grant from the Douglas Smith Foundation for Medical 
Research of the University of Chicago. 

Presented at the meeting of the Society of University Surgeons, Nashville, Tenn., 
Feb. 10-12, 1944. 
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TABLE I 


TYPES OF OPERATIONS ON PATIENTS RECEIVING MASSIVE TRANSFUSIONS 


OPERATION NUMBER 
1. Thoracic 16 
(a) Chest wall p 
(b) Intrathoracic 
(ec) Thoraco-abdominal 
2. Abdominal 
5. Extremities 
Total 


TABLE IL 


TOTAL VOLUME OF BLOOD AND/OR PLASMA ADMINISTERED® 


AMOUNT NUMBER 
1500 to 2000 19 
2000 to 2500 10 
2500 to 3000 1] 
5000 to 4000 6 
4000 to 5000 
6000 to 7000 


Total 


*One patient received less than 1,500 ¢.c., but received 0.18 Gm. of citrate per 
kilogram of body weight in 150 minutes. 


TRANSFUSION TIME AND VOLUME 


TIME IN HOURS 
o 


% 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 


VOLUME OF BLOOD AND/OR PLASMA 


Fig. 1.—The chart shows the number of patients receiving various amounts of blood 
and/or plasma in given periods of time. 


two to three days before operation. These blood studies were repeated 
twenty-four hours postoperatively in forty-eight patients and in two 
to three days in the remaining five patients. 

As shown in Fig. 1, most patients received 1,500 to 2,500 ¢.c¢. of blood 
and/or plasma in a period of from two to six hours. 

The amount of sodium citrate used as the anticoagulant in our whole 
blood transfusions was 2.5 Gm. for each 500 ¢.c., while our plasma con- 
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tained approximately 4+ Gm. of citrate for each 500 ¢e. In Fig. 2 the 
patients have been classified according to the amount of citrate in 
erams which they received in given periods of time. 

Krom unpublished work in this laboratory,* the lethal dose of sodium 
citrate in dogs was found to be approximately 0.30 Gm. per kilogram 
of body weight when given in fifteen minutes or less. When the time 
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Fig. 2.—In this chart the patients have been classified according to the grams of 
citrate they received in given periods of time. 
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of administration is prolonged to two hours, as much as 1 Gin. of citrate 
per kilogram has been given with survival of the animal.* Most of our 
patients received from 0.10 to 0.30 Gm. of citrate per kilogram of body 
weight in from two to three hours as seen in Fig. 3. In spite of these 
large transfusions, our patients did not receive a per kilogram dose of 
citrate equal to the lethal dose in animals, since the time of administra- 
tion was relatively slow. 


DISCUSSION 


The loss of blood at major surgical procedures generally exceeds that 
estimated at the time of operation. From 1,000 to 1,500 ¢.e. of blood 
are not infrequently lost even though care is given to hemostasis. 
White and Buxton® have shown that even larger volumes may be lost. 
Blood loss measurements were made in five of our cases. The amount 
lost in these patients was found to range from 2,100 to 3,100 ¢.e. of 
blood which is fairly representative of the group presented. Several 
years ago one of us (J.G.A.) measured the volume of blood lost in ten 
patients undergoing less formidable operations. Even here the loss of 
blood ranged from 175 to 695 ¢.e. The actual measurements of blood 
loss in our experience has nearly always exceeded our clinical estimate. 
For this reason we have tried to maintain a constant transfusion 
throughout the course of the operative procedure in the patients, at a 
rate sufficient to replace the estimated loss. 

The good postoperative condition of these patients serves to empha- 
size the value of massive blood and/or plasma replacement. With the 
exception of the two patients who died on the operative day from 
surgical complications, none experienced postoperative shock. This 
experience is in marked contrast to that of several years ago when we 
practiced the less liberal transfusion of blood. Furthermore, none of 
the patients who received massive transfusions demonstrated any un- 
toward reactions such as pulmonary edema or acute hemolysis resulting 
from mismatched blood. Of the patients who died before leaving the 
hospital, none could be considered as dying from the transfusion. It is 
to be noted that most of these patients maintained a_ satisfactory 
urinary output during the first two postoperative days. Furthermore, 
the red blood count and the hemoglobin after operation in most pa- 
tients compared favorably with the preoperative studies. In twenty- 
one patients, however, the postoperative red blood count and hemo- 
globin determinations were diminished suggesting that these patients 
were undertransfused. 

Considerable caution was exercised in the selection of suitable blood 
to be given to the patient. Every effort was made to give the patient 
blood of his own type. The universal donor (Landsteiner type O) 
was given only to patients of type O with one exception. Patients of 
types AB, A, and B were given blood of their own types. When blood 
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is rapidly administered in large volumes, it is not feasible to cross- 
match the patient’s blood after each transfusion with each new donor 
blood before its administration. Instead, each donor blood of suitable 
type was cross-matched with the preoperative blood sample of the pa- 
tient and then administered consecutively, the transfusion flask being 
rinsed with about 50 ¢.c. of saline solution before the next transfusion 
was added. No attempt was made to cross-match the bloods of the 
donor samples with each other. 

One patient, however, did have a severe reaction. This patient’s 
blood was Landsteiner type A and she was given five consecutive trans- 
fusions of type O blood. Nine hours later she was given a sixth trans- 
fusion, this one of type A. The patient developed icterus and oliguria. 
The nonprotein nitrogen rose to 85 mg. per cent by the second day but 
returned to normal at the end of a week. The patient’s serum was Rh 
positive, thereby excluding the possibility of the Rh factor as a cause 
of the reaction. It is likely that the agglutinins ab in the donor blood 
reached an incompatible concentration with the patient’s cells. It is also 
possible that the administration of type A blood after five type O bloods 
may have aggravated this condition. The reaction in this patient sug- 
vests that where multiple transfusions are concerned it is desirable to use 
donors of the same type as the patient. 

Ivy and co-workers’ postulated that if 1,500 to 2,500 ¢.c. of citrated 
whole blood or plasma were given rather rapidly to a 154-pound man 
after massive hemorrhage it may prove to be fatally toxic. This amount 
ot blood or plasma would contain from 7.5 to 20.0 Gm. of sodium citrate 
as employed in our studies. Nine of our patients received 20 Gm. or 
more of citrate without incident, and of this group seven weighed less 
than 154 pounds as seen in Figs. 2 and 3. While nine of our patients did 
receive a per kilogram dose of citrate in excess of the lethal dose for dogs, 
the period of time in which they were transfused was considerably longer 
than that in which the lethal dose was experimentally determined. 

Much of the recent concern over citrate intoxication associated with 
massive transfusions would seem to be unwarranted from the study of 
the patients presented here. The transfusion period in our cases ranged 
from two to six hours. This relatively prolonged period of transfusion 
time undoubtedly permitted considerable metabolism and excretion of 
citrate, thereby preventing the cumulative toxic effects of the drug. 

The caution of Ivy and associates' about the use of large citrated 
transfusion from their work on dogs is based on experiments which do 
not simulate conditions clinically seen in man. In their experiments 
dogs were bled severely and an average of about 60 per cent of their 
individual blood volumes was replaced with citrated blood in a five- 
minute period. If a comparable amount of citrated biood or plasma 
were to be administered to a 154-pound man, about 4 liters would have 
to be administered in five minutes. This extremely rapid rate would 
hardly be applicable in either war casualties or civilian surgery. Much 
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of Ivy’s work has been repeated in this laboratory, and when such 
rapid administration of citrated blood is undertaken, a very high mor- 
tality oceurs in the experimental animal. If, however, the transfusion 
is given at a rate which is more nearly comparable to that employed in 
man, the dogs tolerated the transfusions well. 

The toxic effects of citrate are thought to be attributable primarily 
to the immobilization of the caleium ion. In dogs wet have found that 
the lethal dose of citrate is greatly increased if ionizable calcium is 
viven either intermittently or continuously throughout the course of a 
massive citrated blood transfusion. Although we have not observed 
any untoward effects associated with citrate transfusions in man, it is 
likely that if such did occur, the intravenous administration of ionizable 
calcium salts would exert a beneficial effect. This has been demon- 
strated in patients by Hill and Muirhead,’ and others. 


CONCLUSIONS 


1. It is obvious from the data presented that the risk of citrate poison- 

ing associated with the administration of large transfusions is negligible 

as currently practiced. Whatever the toxic properties of citrate may be, 

it is apparently detoxified rapidly enough so that it does not present a 

problem in the use of massive transfusions in man. 

2. Not only did our patients tolerate their massive transfusions well, 
but we believe that without the liberal use of blood or plasma most of 
these radical operative procedures could not have been carried to a sue- 
cessful conclusion. 
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BLOOD AND PLASMA TRANSFUSION SERVICE 


I. Hoxwortrn, M.D., Pu.D., Cincinnati, 
(From the Department of Surgery, College of Medicine of the University of 
Cincinnati, and the Cincinnati General Hospital) 


HE demand for whole blood and plasma for the treatment of pa- 

tients in all divisions of medicine and particularly in surgery has 
increased markedly during the past ten vears. This is largely a result of 
wider acquaintance on the part of physicians with the value of these 
substances in numerous clinical conditions. Their specificity in the 
treatment of shock and hemorrhage, while well established ten years 
earlier, has been popularized by extensive use in World War II. The 
supportive value of blood transfusion in the rehabilitation of patients 
with sepsis and anemia is also receiving more recognition. The role 
played by the components of blood in regulating water balance, in 
promoting wound healing, in maintaining nutrition, and in combating 
infection also adds to the demand. 

As physicians return to civilian practice the provision by the average 
hospital of properly prepared whole blood and plasma in suitable form 
and in amounts required to meet the needs of practice will become a 
problem in every community. The technical aspects having been 
brought to at least a satisfactory stage of development by individual 
investigators, this becomes largely a problem in organization for ¢om- 
munity needs. 

The first and most obvious solution is that of the individual hospital 
supplying its own blood and plasma. Unless the hospital is very large, 
there are a number of objections to this plan. The cost of equipment 
and of trained personnel, proper supervision, space requirements, and 
the difficulties in maintaining without waste an adequate inventory of 
blood of the various groups and of plasma reserves properly preserved 
are indeed tremendous obstacles in the way of effective and economical 
operation. Strumia believes that this statement is true only for hos- 
pitals with less than a 150 average daily census.' The operation of 
banks for whole blood is quite feasible in hospitals with a census of 
over 150, but, if whole blood reserves are depleted for plasma produe- 
tion, it has been our experience that reserves of whole blood of the 
various groups are difficult to maintain even in a hospital with an 
average daily census of 500 or over. 

Assuming that the hospital is large enough to operate effectively 
a bank for whole blood, the plasma could then be purchased from a 
commercial house. There are three objections to this plan. First, the 
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commercial house must pay professional donors and the cost to the pa- 
tient rises accordingly. Second, since repayment to the commercial 
house must be made in money, indigent patients become a financial 
burden to the community and friends and relatives of patients of all 
economic Classes are afforded no opportunity to make at least partial 
repayment in blood donations. The third objection is that the re- 
serves in the whole blood bank within the hospital cannot be coordi- 
nated with plasma production. 

One method of overcoming these obstacles in the way of economical 
and effective operation would be the establishment of well-organized 
community blood and plasma transfusion centers with a group of hos- 
pitals participating. When several hospitals unite in a cooperative 
effort, equipment and personnel can be fully utilized and the waste 
incident to duplication of many items in small organizations elimi- 
nated. When friends and relatives of the patients can serve as free 
blood donors, the cost of the product can be reduced to meet any 
income. The scope of the project appeals to those physicians inter- 
ested in contributing to the knowledge in this field, and competent 
medical direction can be easily secured on a volunteer basis. While 
there are not University hospitals in every community needing such 
a center, universities might well lead the way, and the larger institu- 
tions in other communities would follow. 

It is my purpose to describe briefly the blood transfusion service 
which has been developed in the department of surgery at the Uni- 
versity of Cincinnati and the Cincinnati General Hospital from the 
standpoint of its relation to fifteen hospitals in the metropolitan area 
and to the community. There is no need for reference to the methods, 
techniques, and equipment used in the drawing of blood and in the 
preparation and processing of plasma. These are almost identical to 
those outlined by Strumia, MeGraw, and Reichel.* Other details of 
operation have been described before.* 

The service, with headquarters at the Cincinnati General [Lospital, 
began operation Dee. 10, 1938, for the production of whole blood and 
plasma. Two years later equipment was added for the processing of 
plasma in the frozen and dry forms. The facilities include office space, 
forms suitable for accurate recording of transactions, rooms equipped 
for the drawing of blood from donors, a blood storage room with large 
refrigerator, and a laboratory for cleansing and assembling donor sets 
and for the testing of blood. Another laboratory room is equipped 
for the preparation of liquid, frozen, and dry plasma. This includes 
a set of torsion scales, a large centrifuge, a laboratory desk equipped 
with compressed air lines and suction apparatus for the pooling and 
redistribution of plasma, mechanical refrigeration equipment, a low 
temperature storage cabinet, an automatic shelling chamber, and a 
vacuum pump, condensor, and oven for drying plasma for the frozen 
state. 
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The service is directed by a member of the attending staff of the 
department of surgery and by a representative from the resident staff. 
A secretary, five laboratory technicians, a diener, and three student 
assistants are employed. Four trained part-time volunteers serve at 
regularly scheduled hours. 

The products of the service are whole blood of all four groups, with 
Rh determinations if requested, plasma in the liquid, frozen, and dry 
states and red blood cells suspended in dextrose solutions. Whole 
blood is dispensed only at the request of a physician for a specified 
patient and on receipt of a simple form containing information neces- 
sary for recording the transaction. These forms are provided to the 
hospitals in advance and distributed at nurses’ desks. It may be stated 
here that, in relation to hospitals other than the Cincinnati General 
Hospital, the service is not intended to replace the normally operating 
functions of the hospital pertaining to the transfusion of whole blood. 
Instead, it is planned to supplement these functions with a service 
which will make compatible and suitable blood quickly available when- 
ever needed. In the majority of instances in any hospital the proper 
donor may be found among friends of the patient without undue delay. 
The service is of value where friends or relatives of the patient cannot 
be located or are not of the compatible blood group, or when an emer- 
gency exists which does not permit waiting for laboratory search. 

Plasma is prepared in each of its physical states, liquid, frozen, and 
dry, because of the advantages and disadvantages peculiar to each 
form in relation to the service. A small inventory of twenty to thirty 
units (250 ¢.c. per unit) of liquid plasma, which is constantly being 
replaced with fresh units, is maintained because it does not have to 
be either thawed or restored with water for use. Liquid plasma is 
not stored as such for long periods because of the danger of bacterial 
evrowth, the rapid deterioration of prothrombin, complement, and 
fibrinogen, and the slower but progressive loss of albumin, globulin, 
and specific antibodies. 

Most units of plasma are frozen immediately after distribution from 
the pools and held in a chamber at —-40° C. In the frozen state oppor- 
tunities for bacterial growth are minimized and there is little if any 
deterioration of components. These units are issued with instructions 
for thawing in a water bath at 37° C. The only disadvantage of these 
as compared with liquid units is the time, from twenty to thirty min- 
utes, required for thawing. They are not issued to hospitals long in ad- 
vance of need because of the low temperature refrigeration requirement. 

A great portion of the plasma prepared by the service is dried from 
the frozen state. The advantages of dry plasma are that it can be 
transported and stored in the participating hospitals long in advance 
of need under all ordinary conditions of temperature, it can be re- 
stored for use with distilled water in from two to three minutes, and 
it ean be used in the concentrated form if desired. The disadvantage 
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is that prothrombin and complement content is reduced. All hospitals 
participating in the service are given a supply of dry plasma for use 
in emergencies or any other cases in which its use is elected. 

Red blood cell preparations, after centrifugation and removal of the 
plasma, are held in the refrigerator at 4° to 6° C. and are issued either 
as saline-glucose suspensions or as they are for suspension by the user 
as the occasion demands. They are discarded if not used after five 
days. In recent months most units of cell suspensions have been spoken 
for and are on reserve before the pool is completed. 

When plasma or red cell suspensions are used, the information needed 
by the service for its records is entered on the same forms used for 
whole blood. For liquid or frozen plasma or red cells these forms are 
presented to service headquarters at the time the product is issued and 
for dry plasma they are forwarded by mail or messenger within a few 
days after the units are administered to the patients. On these forms 
are spaces for the amount of whole blood or plasma desired, the name 
of the patient, the method of repayment, if it has been decided upon, 
the signature of the physician, and the signature and address of the 
responsible relative or friend. Neither the physician nor the hospital 
assumes any responsibility for seeing that repayment is made. The 
physician is asked merely to explain the obligation to the patient or 
his relatives at the time the slip is signed, and the hospital merely to 
see that the service receives the forms properly filled out. 

We believe that much of the success of this project is due to the fact 
that repayment of the obligation to the service is made according to 
the circumstances of the patient and his family. These circumstances 
are indicated on the request forms by the physician. Most patients 
fall into one of four classifications. If the patient has the money and 
has willing blood donors, the charge is $12.50 and one donor for each 
unit of blood (500 ¢.e.) or plasma (250 ¢.c.) ; if he has the money and 
has no willing donors the charge is $25.00; if he has willing donors 
but no money, two suitable donors are accepted for each unit used; 
if the patient is indigent and has no friends willing and able to serve 
as donors, the blood or plasma is supplied without obligation out of 
reserves obtained from the two-for-one trades. Red blood cell suspen- 
sions are a by-product of plasma preparation and are charged for at 
one-half these rates. <All classifications are flexible and obligations are 
always adjusted to meet the circumstances. For example, if a patient 
who is neither indigent nor well-to-do has received eight or nine units 
of plasma and has been subjected to the expense of protracted hospital 
and medical care, any part of the acerued obligation either in blood 
donors or in money is aeceptable as payment in full. <A statement by 
the patient’s doctor as to the limit of the ability to pay is accepted as 
final. In any event, no method of collection other than a simple state- 
ment of obligation is ever used. At no time during the five years of 
operation of this service has blood or plasma been refused, the re- 
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serves have never been exhausted, and no blood has been purchased 
from donors by the service. The financial experience resulting from 
this method of operation is recorded later in this communication. 


Donors present themselves at central headquarters during three reg- 
ularly scheduled half-day periods each week. At these times a physi- 
cian is present to draw the blood. He is paid by the participating 
hospitals, the share of each being prorated according to the number of 
transactions during the preceding month. This amounts to about 40 
cents for each transaction. There is no other charge made to hospitals 
by the service. 

In a few respects the operation of the service for patients in the 
Cincinnati General Hospital differs from that for patients in other 
hospitals. Sinee all patients in the General Hospital are on a free 
medical service basis, all repayment is made with blood donors. No 
cash transaction is ever involved. Also, donors are received at any 
time of the day or night, since the blood is drawn by the intern or 
house doctor concerned and the appointment made through him. A 
technician and other facilities of the service are at his disposal at all 
hours. Within the General Hospital, replacement of a unit, blood, or 
plasma becomes the obligation of the hospital service, such as medicine 
or general surgery, to which it was issued. Each hospital service is 
held responsible for a balance of its own debit and credit columns in 
the monthly record of transactions compiled at service headquarters. 
In this way an obligation is not canceled when a physician who makes 
a withdrawal is transferred to another service or terminates his resi- 
dency. Sinee the obligation is met by the service, replacement is on 
a unit-for-unit basis within the General Hospital. In turn, the General 
Hospital provides rent-free space, heat, light, laundry, and chemicals 
used in donor booth and in laboratory operation. 

The usefulness of this service to the community is indicated by its 
degree of growth expressed in terms of the number of transactions of 
units of whole blood and plasma. In the four years of operation there 
has been a progressive increase from 2,687 units for the first twelve 
months of operation to 4,410 units for the year 1942, and to 5,780 units 
for the year 1943.* This is an increase of 115 per cent and it has 
occurred without any attempt at promotion. Continued recent growth 
is shown by a comparison of the experience in transactions for the 
six-month period from January, 19438, through June, 1943, with the six- 
month period from July, 1948, through December, 1943. During the 
first period there were 2,780 transactions as compared with 3,000 dur- 
ing the second period. It is worth noting here that during these same 
six-month periods the use of whole blood dropped from a figure of 
2,111 to 1,929 while the use of plasma increased from a figure of 669 
to 1,071 units. 


*These figures represent units of whole blood (500 c.c.) and plasma (250 c.c.). 
They do not include units of red blood cell suspensions. 
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The financial experience of the service has been satisfactory, par- 
ticularly since it was not intended to operate to a profit. The ex- 
penditures include salaries for secretarial and technical personnel, 
supplies for the office and laboratory, and maintenance on refrigera- 
tion and laboratory equipment. Medical direction is volunteered. The 
cost of items furnished by the Cincinnati General Hospital is difficult 
to estimate and is not included. This omission tends to make the fol- 
lowing figures misleading, but it must be remembered that in return 
this hospital receives all its transfusions on a unit-for-unit basis with 
no cash transactions. The income to the service is derived entirely 
from patients who are paying for private hospital and medical care 
and who have received blood or plasma from the service. The total 
expenditures for the year 1943 were $10,250. The cash receipts for 
this period were $12,739. The difference of $2,489 is adequate to meet 
the cost of depreciation in fixed equipment. Since during this same 
period there were 5,780 transactions in blood and plasma, each trans- 
action cost the service less than $2. This cost was paid by the patients 
who received the benefits, at the rate of not more than $25 or $12.50 
and one donor for each unit. In no instance has there been more than 
a simple statement of obligation to the patient in attempt at collection, 
and blood and plasma in any amount requested have always been issued 
regardless of the financial circumstances of the patient. 

The operation of the service described has been successful in Cin- 
cinnati, but it is not to be expected that it will suit exactly all com- 
munities. Variations in the plan can easily be made in order to adapt 
it to particular needs. The number and sizes of the participating 
hospitals and the distances between them are the variables. For ex- 
ample, hospitals at long distances might make periodic collections of 
blood from friends and relatives of patients and transport them to the 
center in trade for frozen and dry plasma. Hospitals close to the cen- 
ter might prefer to have the blood collected there and to draw out both 
whole blood and plasma. By the adoption of standard apparatus for 
the collection of blood and standard techniques on the part of all par- 
ticipating hospitals, the plan could be as flexible as necessary to meet 
the particular requirements of each community. 

Because of the demands on medical personnel and the necessary 
restrictions on material, organization ot blood and plasma services, as 
far as civilian medical practice is concerned, can proceed very little 
for the duration of the war. After the, war adequate medical care 
must include blood and plasma services that meet the requirements of 
the patient, the physician, and the hospital. A community service 
similar to that just described is one solution to the problem. The pa- 
tient receives blood and plasma in the amount needed regardless of his 
financial circumstances. If payment in money cannot be made he still 
may participate by supplying blood donors from his friends and rela- 
tives. There are no restrictions placed on the physician either by the 
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amounts of blood or plasma readily available or by the financial ability 
of his patient. The participating hospital, too, receives the advantages 
of being able to furnish blood and plasma in all cases, without the 
necessity either of an independent service, with attendant problems in 
supervision or expense, or of purchase of a commercial product for 
charity patients. Finally, this service is one which is supported within 
the community and which is paid for by those who receive the benefits, 
without excessive cost to the individual and without governmental 


subsidy. 
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GELATIN AS A PLASMA SUBSTITUTE 


A PRELIMINARY REPORT OF CLINICAL EXPERIENCE 


C. E. Koop, M.D., A. G. FurercHer, Jr., M.D., C. PH.D., 
AND J. S. Lockwoop, M.D., PHILADELPHIA, PA. 
(From the Harrison Department of Surgical Research, Schools of Medicine, 
University of Pennsylvania, and the Surgical Services of the Hospital 
of the University of Pennsylvania) 


EKED for a plasma substitute which would be readily available, 
innocuous, stable, therapeutically effective, and easily reprodue- 
ible in respect to its physical and chemical properties led to renewed 
interest in gelatin as an intravenous solution to supplement the sup- 


ply of plasma. 

In 1915, Hogan’ reported that gelatin-saline solutions would restore 
falling blood pressure when administered to patients in shoek. With 
the war-induced stimulation of investigations of plasma substitutes 
there have appeared a number of reports on the efficacy of gelatin as a 
plasma substitute.2> Previous studies in this department led us to be- 
lieve that the specially prepared ossein gelatin with whieh we were sup- 
plied was an effective agent in the treatment of hemorrhagie shoek in 
dogs. The absence of toxie reactions in dogs and rabbits following 
massive infusions with gelatin encouraged us to proceed to administer 
gelatin intravenously to human subjects without fear of pyrogenic and 
antigenic reactions or of producing liver or kidney damage.’ | 


In the interest of carrying out a broad evaluation of gelatin as a | 
plasma substitute our plan of study has ineluded the following phases : 


1. The evaluation of gelatin as a means of treating shock from 
trauma, hemorrhage and burns.'® 

2. A study of the possible toxie manifestations of gelatin on liver 
and kidney funetions including the pyrogenicity and antigenicity 
of gelatin.®: 1° 

3. The effect of gelatin on the circulating serum proteins.’ 


4. The disappearance of gelatin from the blood, its exeretion, and 


10 


possible utilization.’ 
5. The significance of the phenomenon of pseudoagglutination of 
red cells in relation to sedimentation rate and clotting time.’° 


The Chas. B. Knox Gelatine Company, Johnstown, N. Y., supplied the gelatin solu- 
tions through the courtesy of Dr. D. Tourtellotte, and provided the University of 
Pennsylvania with a grant to defray a part of the cost of the study. 

Preliminary reports of this work were presented at a conference on gelatin con- 
vened by the Subcommittee on Blood Substitutes of the National Research Council, 
Washington, D. C., Sept. 24, 1943, and at the meeting of the Physiological Society 
of Philadelphia, Jan. 18, 1944. 

Presented at the meeting of the Society of University Surgeons, Nashville, Tenn., 
Feb. 10-12, 1944. 
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A study of the histologie appearance of animal tissues after in- 
travenous infusions of gelatin.” 

7. Investigation of the influence on protein metabolism of gelatin 
solutions fortified with those amino acids in which it is known 
to be deficient. 

&. The effect of intravenous gelatin on oxygen transport. 

9. The elinieal response of patients to intravenous gelatin infusions. 

10. The effectiveness of gelatin solutions in the treatment of edematous 
states associated with hypoproteinemia. 

11. An evaluation of the effect of gelatin on the cardiac output as 
measured by the ballistoecardiograph. 

12. The effect of gelatin infusions on blood volume and plasma 
osmotic pressure. 

13. Comparison of the clinieal effectiveness of gelatin solutions sub- 
jected to varying degrees of molecular degradation by prolonged 
autoclaving. 

Our observations on the first six of these have been or are being pub- 

lished, 


9-12 


and most of the others are under study at the present time. 

This report deals briefly with our clinical experience with the first 
100 patients in our series to receive gelatin. In a general way it sug- 
gests the probable future place of gelatin in therapeutics and explains 
the trend which our studies have followed. Some of the previously 
reported studies in the dog have been repeated in man and we have 
included observations on the effect of gelatin infusions on serum protein 
concentrations as well as on functions of liver and kidney. 

The clinical response of patients to intravenous gelatin is reported 
in some detail and a summary is given of our present tentative con- 
clusions. 


MATERIAL AND METHODS 


Of the several types of gelatin available to us, we have perferred to 
employ that produced by hydrolysis of alkali-treated long-bone collagen 
under controlled and standardized conditions not attained in the usual 
manufacture of edible gelatin. We used both 6 per cent and 4 per cent 
solutions in 0.85 per cent saline. Most of the material was autoclaved 
at fifteen pounds pressure for twenty minutes although some of the mate- 
rial was autoclaved for 180 minutes to produce a small molecular size, 
a lower gel strength, viscosity, and modulus of rigidity. All of the 
specific quantitative studies here reported were obtained with the use of 
material autoclaved for 20 minutes. 

The patients were chosen from the various wards of the Hospital of 
the University of Pennsylvania, those with poor prognoses being used 
first until we had repeated the tests for toxicity. Later, patients with 
specific clinical problems were used for an evaluation of gelatin as a 
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method of treatment. Another small group consisted of volunteer 

medical students, nurses, and blood donors, who formed the basis for 

data on normal subjects. One hundred thirty-two liters have been 
administered to 100 patients in 190 infusions. 

The gelatin solutions were given with the usual hospital intravenous 
trays and have been found to be miscible with all the usual intravenous 
fluids. The only precaution which must be observed is in preventing 
the burette from cooling below normal room temperature, which will 
lead to the formation of a gel. 

Blood analyses for proteins were carried out as follows: 

1. Plasma proteins: Plasma was precipitated with trichloracetie acid 

and the precipitate analyzed for nitrogen. 

2. Albumin: Plasma was precipitated with sodium sulfite according 
to the method of Campbell and Hanna" and the filtrate analyzed 
for nitrogen. 

3. Fibrin: Plasma was precipitated with calcium chloride according 
to the method of Foster and Whipple,’* and the precipitate ana- 
lvzed for nitrogen. 

4. Gelatin: Plasma was precipitated with sodium tungstate and sul- 
furic acid and the precipitate analyzed for nitrogen. The differ- 
ence between No. 4 and No. 1 was taken as gelatin nitrogen. 

All nitrogen analyses were done by Kjeldahl semimicro technique 
using the borie acid titration. We have been able to recover gelatin 
added to normal plasma with an error of +5 per cent. 

Hematocrit determinations were made on citrated blood in Wintrobe 
tubes, centrifuged at 2,500 r.p.m. for thirty minutes. Bromsulphalein 
retention was measured by the method of Rosenthal and White,'’ as 
modified by Helm and Machella.’* Urea was determined by the method 
of Ormsby," and urea clearance caleulated from the formula given by 
Van Slyke."* 

CLINICAL OBSERVATIONS 


Clinical Records.—Records were kept in connection with all of the 
190 infusions in 100 patients reported here. These included observa- 
tions on temperature, pulse, respiration, and blood pressure taken at 
intervals during and after infusions as well as notes on any untoward 
subjective or objective reactions to the intravenous infusion of gelatin. 
Reactions of some type occurred as a result of sixteen, or 8.4 per cent, 
of the infusions as recorded in Table I. Two of these were serious reac- 
tions and fourteen were trivial. Only one ean be definitely attributed 
to gelatin per se. 

Cardiae decompensation occurred in a 58-year-old woman with known 
rheumatic cardiac disease and subacute bacterial endocarditis who ap- 
peared to be adequately compensated before the infusion. The infusion 
was stopped because of shortness of breath after 650 ¢.c. of 6 per cent 
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TABLE I 


REACTIONS OBSERVED IN 190 INTRAVENOUS INFUSIONS OF GELATIN 


TYPE OF REACTION INFUSIONS PER CENT 
Serious Reactions 
Cardiac decompensation | 0.55 
Anaphylactoid reaction 1 0.55 
(Nonspecific ) 
Total 2 
Minor Reactions 
Dizziness or headache 4 2.1 
Nausea or vomiting 1 0.55 
Precordial distress 2 1.1 
Systolic blood pressure rise 2 i 
Phlebothrombosis 5 2.6 
Total 14 


gelatin had been given over a period of fifty minutes. Twelve hours 
later there was a moderate rise in pulse rate and respiratory rate and 
fourteen hours later acute pulmonary edema developed. The patient 
responded temporarily to the usual treatment but died five days later. 
This unfortunate occurrence cannot be attributed to any toxie prop- 
erties of gelatin but serves to illustrate the dangers inherent in the 
intravenous administration of a hyperosmotic macromolecular colloid to 
individuals with impaired cardiac reserve. 

The other serious reaction occurred in a 56-year-old white man with 
a gastric fistula and biliary tract fistula which resulted from abdominal 
echinococcus disease. Within five minutes after commencement of the 
first infusion of gelatin he began to itch and become apprehensive. His 
pulse rose markedly and blood pressure dropped to 40/20 from his nor- 
mal of 90/70. There was no chill or temperature rise. Within twenty 
minutes after the administration of 0.5 ¢.¢. of epinephrine, his condi- 
tions. Because of the frequency of such reactions in this patient, detailed 
reactions to intravenous blood, plasma, normal saline solution, 5 per 
cent glucose in water, 2 per cent saline solution, and amino acid solu- 
tions. Because of the frequeney of such reactions in this patient, detailed 
records of his blood pressure and pulse during these episodes were not 
kept. Subsequent intracutaneous and subeutaneous test doses of all 
the ingredients of the gelatin solution as well as the solution itself and 
similar preparations yielded no evidence of sensitivity. 

Dizziness and headache occurred following four infusions of 100 e.e. 
of 6 per cent gelatin in ambulatory subjects. This reaction was not 
noted among subjects who were resting in bed. Oue highly nervous 
woman patient with biliary tract disease became nauseated and vomited 
immediately after an infusion of 580 ¢.c. of 6 per cent gelatin in forty 
minutes. The reaction was apparently related to the ingestion of ice 
cream immediately before the start of the infusion. Precordial dis- 
tress of a mild and temporary character was noted by two normal male 
subjects in the course of infusions of 6 per cent gelatin of 750 ¢.c. in 
ninety-five minutes and 1,000 ¢.c. in seventy minutes. 
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Elevations in systolic blood pressure of 30 to 40 mm. of mereury were 
noted in two individuals of normal circulatory status who received 
580 ¢.¢. of 6 per cent gelatin in forty minutes and 625 ¢.e. in thirty 
minutes, respectively. Both infusions were discontinued at this point. 
One subject had received four previous infusions of 1,000 ¢.e. each 
without untoward effects. In both cases the blood pressure returned to 
normal within three te four hours. Rises of systolic blood pressure 
greater than 10 to 15 mm. of mercury were not noted in other subjects 
with the exception of those with pre-existing hypotension. 

Thrombosis at the site of injection occurred following five infusions. 
In four of these cases the needle remained in the vein for many hours 
in the course of circulatory studies or the continuous administration 
of intravenous fluids. In our experience this is considerably less than 
the incidence of thrombosis following blood or plasma infusion. A 
review of fifty of the most recent infusions in thirty-three patients with 
an examination of veins for evidence of thrombosis revealed five of 
the forty-seven veins infused to show some evidence of thrombosis. 
In these same patients there were eight veins that had not been used for 
gelatin infusion which showed signs of obvious thrombosis. 

Febrile reactions were noted following infusions of gelatin in three 
patients. Two of these patients had widespread malignant lesions and 
an irregular febrile course before infusion. Both of these patients had 
received previous gelatin infusions without reaction and one received 
several subsequent uneventful infusions. The third patient, one em- 
ployed in studying the effect of gelatin on cerebrospinal fluid pressure, 
exhibited fever, headache, meningismus, and pleoeyvtosis of the cerebro- 
spinal fluid following the administration of gelatin. In this case a 
malleable spinal needle attached to a manometer remained in the sub- 
arachnoid space for three and one-half hours and the mechanical irrita- 
tion apparently accounted for the meningeal reaction. 

The postoperative administration of gelatin to patients subjected to 
major surgical procedures was attended by beneficial effects which were 
unmistakable to all observers. <All of these patients exhibited the im- 
provement we have come to associate with repeated small plasma trans- 
fusions. In several patients found to have inoperable tumors at laparot- 
omy, the use of repeated gelatin infusions seemed to delay the expected 
downhill course and enabled us to carry them along for the usual post- 
operative period, transferring them for further care in far better 
condition than we have been accustomed to expect. 

Two patients with large obstructing gastrie carcinomas were kept in 
apparently excellent condition with intravenous glucose and daily 
gelatin infusions for periods of nine and ten days respectively. A 
number of patients commented spontaneously upon their subjective 
improvement following gelatin, 

Although clinical impressions concerning the beneficial effect of gelatin 
infusions cannot be scientifically measured, and are not by themselves 
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an adequate basis for conclusions, the apparent subjective and objective 
benefits resulting from gelatin administration to these patients have been 
important factors in encouraging us to continue the work. 

Infusions Repeated After a 14-Day Interval.—Nine subjects received 
repeated intravenous infusions of gelatin after the lapse of the fourteen- 
day interval commonly accepted as the critical period for the develop- 
ment of anaphylactic hypersensitivity. None of these individuals gave 
any subjective or objective evidence of this type of reaction. 

Erythrocyte Sedimentation Rate.—A marked increase in the erythro- 
cyte sedimentation rate after gelatin infusions in dogs was previously 
reported.’” That this phenomenon also occurred in man was obvious 
to all who worked with the human blood samples. This impression 
was confirmed by determination of the corrected sedimentation rate in 
two normal subjects before and after infusions of 1,000 ¢.c. of 6 per 
cent gelatin. The sedimentation of erythrocytes was markedly acceler- 
ated in both instances. The probable relationship of this phenomenon 
to pseudoagglutination of the red blood cells was discussed in the report 
previously cited. 

Blood Coagulation Studies.—Determinations of the clotting time of 
whole blood were made on seven subjects before and three hours after 
the infusion of 6 per cent gelatin solution in amounts varying from 
500 ¢.c. to 1,000 ¢.c. The results are shown in Table IT. 


TABLE II 


EFFECT OF INTRAVENOUS GELATIN (6 PER CENT) ON THE CLOTTING TIME 


PATIENT VOLUME CLOTTING ose E 
Cc. BEFORE 3 HR. AFTER 

BA. 1,000 15 15 
R.S. 1,000 13 9 
J.L. 1,000 19 929 
M.S. 500 19 27 
M.F. 500 16 17 
S.D. 1,000 14 6 
S.L. 1,000 13 8 

Average 16 15 


The average clotting time before infusion was sixteen minutes and 
after infusion was fifteen minutes. In only one ease (M. S.) was the 
clotting time appreciably prolonged following infusion. Since the 
method gives rather variable results, little significance can be attached to 
this isolated observation. This is in contradiction to the animal work 
previously reported in which the clotting time after gelatin infusion 
was found to be uniformly prolonged in dogs. 


Twenty-four patients were given infusions of gelatin before, during, 
and shortly after major surgical procedures. None of these showed 
any clinical evidence of impaired coagulability of the blood or of delay 
in wound healing. 
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Bromsulphalein Liver Function Test.—In the dog, the only abnormal 
finding in the liver function studies was the progressive retention of 
bromsulphalein with each of a series of repeated infusions of gelatin. 
Similar, although less marked, results were seen after plasma infusions, 
and chiefly for this reason the phenomenon was assumed not to represent 
a specific impairment of liver function due to gelatin. 

No bromsulphalein retention was seen after single or repeated in- 
fusions of gelatin in seventeen patients although in control studies with 
blood and plasma transfusions on human subjects the findings in dogs 
were substantiated. Further study of the influence on liver function 
of temporarily increasing the amount of cireulating colloids will be 
necessary if these phenomena are to be explained. 

Urea Clearance —Urea clearance was determined before and after 
single and repeated infusions of gelatin in nine subjects. 

The results obtained in the study of urea clearance before and after 
seven single infusions in five subjects are shown in Table III. The 
first two of these showed a moderate fall in urea clearance during the 
twenty-four-hour period following infusion, but the values were back 
to the preinfusion figures when urea clearance was determined two 
weeks later. The third patient also showed some immediate depression 
of clearance but no later observation was obtained. Two individuals 
showed no significant change in urea clearance after infusion. 


TABLE IIT 


UREA CLEARANCE AFTER SINGLE INFUSION OF GELATIN (6 PER CENT) 


— VOLUME TIME UREA CLEARANCE (%) 
(€.C.) (MIN. ) BEFORE AFTER 
ALE: (1) 1,000 60 113 87 
107 
1,000 70 116 89 
103* 
G. A. 1,000 165 107 53 
1,000 120 114 107 
L. N. 540 90 72 81 
A.F. 790 96 90) 120 
ae 98 
144 96 
118 
Average 112 108 
750 90 122 113 
119 109 
101 135 
144 90 
Average 121 112 


*Two weeks after infusion. 


In an effort to evaluate these data more exactly, the infusions were 
repeated on the first two subjects after an interval of four weeks. 
Urea clearance was determined daily for three and four days respec- 
tively before infusion and for four days after infusion. The volumes 
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of 6 per cent gelatin given were somewhat smaller and were given more 
slowly than on the previous occasion. The average values for clearance 


before and after infusion show no significant change, nor was there 


any depression immediately after infusion. All of the values for 


urea clearance after gelatin infusion, regardless of the variation from 


previous values, indicate good renal function. 


Urea clearance values determined in the study of repeated infusion 
ot gelatin in five patients are shown in Table IV. The first two patients 
show a more pronounced fall in clearance than was observed after 
single infusion, but the values had returned to the patients’ usual figures 
within three days after infusion. The last two patients had pre-existing 
impairment of renal function. One showed essentially no change after 
a series of five daily infusions. The patient, H. E., received a large 
quantity of gelatin in a little over forty-eight hours and there was a 
temporary depression of urea clearance followed by a return of fune- 
tion considerably above that observed initially (Fig. 1). 
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Fig. 1.—Urea clearance in the damaged kidney following gelatin infusion. 


There is no evidence of any permanent change in renal function as 
determined by urea clearance after gelatin infusion even after the 
administration of large amounts to patients with pre-existing renal 
damage. Large quantities of gelatin given rapidly or in the form of 
repeated infusions, however, apparently cause a temporary impedi- 


ment to urea clearance. 

Serum Proteins.—Protein studies were done on thirty-nine patients, 
including seven normal subjects, four blood donors who were given 
gelatin after bleeding, eighteen carcinoma and brain tumor patients 
carcinomatosis, carcinoma of gall bladder, 
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TABLE IV 


UREA CLEARANCE AFTER MULTIPLE INFUSIONS OF GELATIN 


QUANTITY IN 

NO. OF EACH AFTER DAYS AFTER 

PATIENT | INFU- INFUSION BE- INFU- 

SIONS |vOLUME | PER | ‘ORE | SIO 

(C.c.) | CENT 
480 6 S89 7 2 39 
1,000 | 4 135 | 55 

1,500 6 81 
300 6 6S 

2.000 4 17 : 44 


L. N. 
J. M. 
H. EF. 


2,6 


hepatoma, Ewing’s sarcoma, melanoma, carcinoma of lung, and lympho- 
sarcoma). There were four patients with nephrosis, two with cirrhosis, 
one with epilepsy, one with a subdural hematoma, one with a bleeding 
peptic ulcer, and one with subacute bacterial endocarditis. The plasma 
proteins, albumin, globulin, fibrin, and gelatin were determined. 

In most instances there was a drop in the serum protein concentration 
which could not be accounted for by the hemodilution as measured by 
hematocrit. This decrease involved the albumin, globulin, and fibrin 
fractions. The deerease in fibrin was the most constant and most 
marked finding, falling to zero in one instance. Total protein (plasma 
protein plus gelatin) was increased somewhat in the majority of patients. 

No differences in behavior of the proteins were observed in the 


patients with carcinoma or cirrhosis, as compared with observations in 
the normal individuals (Table V). Even in those individuals whose 
plasma protein concentration was already very low, there was a further 
depression after gelatin infusion. Table VI shows the results of 
protein analyses on a patient with nephrosis whose initial serum protein 
was 3.93 per cent. In this patient after two gelatin infusions no fibrin 
was found by the Foster and Whipple'* method, but ten days later 


TABLE V 


SERUM PROTEINS AFTER GELATIN (6 PER CENT) INFUSION 


DIAGNOSIS (c.c.) TIME CRIT PROTEIN (%) (%) 
(%) 
Normal 1,000 |Before 40.3 
3 hr. after 35.0 


Experimental Before 
hemorrhage 30 min, after 
1,100 

Portal cirrhosis Before 37.0 D. 0.213 

3 hr. after 30.0 aks 0.163 

(0.131) 


Carcinomatosis 25.0 0.562 
1,000 3 hr. after 5. i (0.476) 


Figures in parentheses are corrected for change in hematocrit. 
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TABLE VI 


SERUM PROTEINS ON A Patient With NEPHROSIS AFTER GELATIN (6 PER CENT) 
INFUSION 


TIME pay |HEMATO- | SERUM | .7BuMIN | GLOBULIN] FIBRIN | GELATIN 
CRIT PROTEIN 

Before gelatin 1 26.5 3.95 2.37 1.36 038 0 

3 hr. after first in- 1 24.3 3.06 1.35 Ly 413 1.00 
fusion 1,000 c.c. (3.15) (.425)| (1.03) 
6 per cent gelatin 

24 hr. after first in- 2 22.5 3.39 1.79 1.60 506 85 
fusion (3.57 ) (.034) (.89) 

3 hr. after second 55 24.0 3.03 1.62 1.41 A09 1.63 
infusion 1,000 e.c. 
6 per cent gelatin 

24 hr. after second; 4 23.3 2.94 1.73 1.31 0 1.26 
infusion 

10 days after second| 14 28.0 4,24 2.23 2.01 0 0.22 
infusion 

19 days after second} 25 26.0 4.18 2.07 2.11 588 0 
infusion 


Figures in parentheses are corrected for change in hematocrit. 


fibrin was back to a normal level. His clotting time remained normal. 
In a boy with nephrosis whose plasma protein was 2.83 per cent 
before a series of gelatin infusions, the plasma protein fell steadily 
after each daily infusion, reaching a level of 0.88 per cent with an 
albumin of 0.1 per cent. This fall in serum protein is a_ reversible 
change and after infusion of gelatin is stopped, the serum protein 
returns to its previous level as the gelatin disappears from the blood 
stream. 

This depression of the serum proteins is seen with other types of 
gelatin and with other substances suggested as plasma substitutes. 
Following the use of hyperosmotic colloids such as gum acacia, which is 
not exereted in the relatively short time that it takes for gelatin to 
disappear from the blood stream, the depression of the serum protein 
concentration is remarkably prolonged. 

With the ossein gelatin we have used, there exists a reciprocal relation- 
ship between the concentration of the serum proteins and the circulating 
gelatin. The gelatin disappears from the blood stream in three to five 
days, depending upon its degree of molecular degradation. 

We are unable to explain the reduction in protein values, unless the 
presence of hyperosmotic gelatin in the circulating blood results in a 
temporary redistribution of protein between blood and tissue protein 
stores. 


Venous Pressure.—Observations on the changes in the peripheral 
venous pressure were made at intervals during the course of twenty-one 
infusions of 6 per cent gelatin in fifteen subjects of relatively normal 
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cardiovascular status. In seven instances readings were also taken at 
intervals of one to twenty-four hours after the completion of the in- 
fusion. Venous pressure changes were also recorded as a part of the 
circulatory studies on six volunteers during acute experimental hemor- 
rhage with gelatin replacement. 

A rise in venous pressure, reaching a maximum at the end of the 
infusion, was consistently observed in all of the twenty-one experi- 
ments on normal individuals (Table VII). The changes varied from 
10 to 90 mm. of water, the average increment being 52 mm. 
scattered observations made at intervals after the completion of the 
infusion in a small group of cases indicate that the venous pressure is 


These 


maintained at a high level, or may even reach a maximum, three to 
four hours after infusion but tends to return to normal levels within 
twenty-four hours. 

All venous pressure measurements were taken in the same arm, 
and often in the same vein, as that used for the infusion of gelatin. 
It is, therefore, possible that the data may be subject to error as a 
result of venous spasm or increased viscosity of the blood due to the 
gelatin infusion. This view is supported by the data of Table VII, 
which shows no direct relationship between the venous pressure rise and 
the volume or the rate of infusion. One would expect to find such a 
relationship if the venous pressure changes are ascribed to increased 
blood volume. 

TABLE VII 


EFFECT OF GELATIN (6 PER CENT) ON VENOUS PRESSURE 


ELEVATION OF VENOUS PRES- 
RATE SURE ABOVE INITIAL LEVEL 
BODY TIME OF 
patient | VOLUME | INFUSION (0.0. (MM. OF H,0) 
On) (KG. ) (MIN. ) _— END OF | 3 TO 4 | 24 HR. 
INFUSION |HR. LATER| LATER 
1,000 45 100 222 52 33 
A.F.(1)| 1,000 77 60 216 49 
(2) 790 77 90 72 85 20 
J.H.(1)} 1,000 75 70 .190 50 46 14 
Je (2) 750 75 90 54 
Jd. W. 1,000 84 120 .099 25 38 4 
M. Z. 1,000 70 60 238 40 30 
Ba 1,000 56 90 .198 29 67 
(i hr.) 
zi. 1,000 71 75 186 72 
S.D. (1) | 1,000 17 140 092 82 
8.D. (2) | 1,000 77 90 144 48 
S. L. 1,000 a2 170 443 72 
C. W. 1,000 75 75 117 42 
(1) 1,000 49 120 170 80 
A.S. (2) | 1,000 49 115 177 72 
500 40 65 62 
A.M. 500 83 100 .060 90* 
500 46 35 10 
J.M. (1) 300 49 90 .068 30 
J.M. (2) 300 49 90 .068 38 
J.M. (3) 300 49 90 068 32 
*Unreliable—patient restless and uncooperative. 
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On the other hand, there appears to be a fairly consistent correlation 
between the increase in venous pressure and hemodilution, presumably 
accompanied by an inerease in blood volume, as measured by the fall 
in hematocrit. Hemodilution is also maximal at three to four hours 
after infusion and returns toward normal in twenty-four to forty- 
eight hours (Fig. 2). This would suggest that the sustained rise in 
venous pressure is the result of an increase in blood volume due to the 
high colloid osmotic pressure of gelatin. The quantitative rise in venous 
pressure may be a factor of the hydration, blood volume, and cireula- 
tory status of the individual at the time of the infusion, rather than 
of the rate or volume of infusion. In this connection it is of interest 
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Fig. 2.—Effect of intravenous gelatin on cardiac output. 


to note that the rise in venous pressure observed with gelatin infusion 
after experimental hemorrhage was less marked than that observed in 
normal subjects. Even with rapid infusions of 600 to 700 @.¢. of 6 
per cent gelatin in fifteen minutes the venous pressure was simply 
restored to its initial level and not excessively elevated. 

Cardiac Output —The eardiae output of nine subjects without demon- 
strable cardiovascular disease was studied before, during, and after a 
total of twelve intravenous infusions of 6 per cent gelatin solution.* 

*These studies as well as those on acute experimental hemorrhage with gelatin 
replacement were done with the collaboration of Dr. James Hardy and carried out in 


the Department of Research Therapeutics. They will be the subject of a future 
publication. 
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The determinations were made by means of the ballistocardiograph, 
using the formulas of Starr’ and reading the cardiae output in cubic 
centimeters per minute per pound of body weight. Ballistocardiographic 
records were also made in connection with the studies on acute hemor- 
rhage with gelatin replacement in nine normal subjects. 

Cardiae output was consistently increased after infusions of 750 to 
1,000 ¢.¢. of 6 per cent gelatin. The increase reached a maximum three 
to four hours after the completion of the infusion and returned to 
norma! within twenty-four hours after infusion. 

The changes in cardiac output can be correlated in general with the 
changes in hematocrit and venous pressure as illustrated in Fig. 2. 
This would suggest that the increaséd cardiac output may be due to 
increased plasma volume. The continued increase in cardiae output 
after the completion of the infusion would then represent a continued 
increase in plasma volume due to the movement of extravascular fluid 
into the circulating blood resulting from the strong osmotic effect of 
the gelatin colloid. This problem is now in process of further study 
by means of direct plasma volume determinations. 

Acute. Experimental Hemorrhage With Gelatin Replacement.—In 
order to study the effectiveness of gelatin as a plasma substitute in 
man under controlled experimental conditions, bleeding followed by 
replacement with intravenous gelatin solution was performed on nine 
healthy male volunteer blood donors. Observations were made on 


clinical signs and symptoms, blood pressure, pulse, venous pressure, 
hematocrit, and cardiae output. The latter was measured by means 
of the ballistocardiograph, using the formulas of Starr.'’ Subjects were 
bled 15 ¢.e. per kilogram of body weight (about 1,000 ¢.c. in most cases ), 
followed by rapid replacement with two-thirds of that volume of 6 
per cent gelatin solution (10 ¢.¢. per kilogram). Observations were 
continued for about one hour following the infusion of gelatin. 


In most eases bleeding of 15 ¢.¢. per kilogram had a rather marked 
effect on the circulation. Many subjects exhibited signs of sweating, 
pallor, weakness, and dizziness. Usually there was a definite fall in 
blood pressure, venous pressure, and cardiac output. The pulse rate 
Was quite consistently slowed with a compensatory increase in stroke 
volume. These changes are similar to those reported by Shenkin, 
(Cheney, Govons, and Starr?’ following hemorrhages of similar magni- 
tude. <All of these values were rapidly restored to normal by replace- 
ment of two-thirds of the volume of blood removed with 6 per cent 
gelatin solution. The restoration of the circulation was accompanied 
by marked hemodilution, as indicated by the sharp fall in hematocrit 
values after the infusion of gelatin. Subjects experienced rapid relief 
of symptoms following gelatin replacement and were able to stand and 
walk without dizziness or discomfort. 
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Fig. 3 illustrates the data obtained on one subject who had an un- 
usually severe circulatory collapse following hemorrhage. 


Gelatin in the Treatment of Shock.—Four patients in shock were 
treated with gelatin. The first of these was a 35-year-old woman who 
was admitted in a critical condition with a blood pressure of 52/40 
and a pulse rate of 144. She was cold, perspiring, and pale. Her 
history was suggestive of peptic ulcer and the diagnosis of a bleeding 
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Fig. 3.—Gelatin replacement in acute experimental hemorrhage. 


uleer was made. Gelatin was available before either plasma or whole 
blood could be obtained and she was given 250 ¢.c. of 6 per cent gelatin 
solution in forty minutes. At that time her blood pressure was 74/48 
and pulse 128, and gelatin was discontinued because it was expected 
that the pressure would continue to rise as the blood volume increased 
and it was thought undesirable to raise the systolic pressure over 90 
mm. of mereury. A whole blood transfusion was begun one hour later 
when the pressure was 88/58 and the patient had an immediate reaction 
with a chill and vomiting (Fig. 4). 

A 30-year-old Negro with a stab wound of the chest was admitted 
to a neighboring hospital and treated over a period of ninety minutes 
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with an intravenous drip of 800 ¢.c. of normal saline solution without 
any change in blood pressure, which remained at 60/40. Then 500 e@.e. 
of 6 per cent gelatin solution were given intravenously with a rise in 


blood pressure to safer levels and a fall in pulse rate from 116 to less 
than 100, as illustrated in Fig. 5. 
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Fig. 4.—Treatment of hemorrhagic shock with gelatin. 
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Fig. 5.—Treatment of traumatic shock without evidence of blood loss with gelatin. 


A 52-year-old Italian in profound shock was admitted after a severe 
hemorrhage from a wound in the femoral vein. He presented the usual 
picture of shock except that his pulse was not rapid and his respira- 
tions were of the Cheyne-Stokes variety. He appeared to be at the 
point of death. By means of two simultaneous infusions, 1,000 ¢.c. of 
6 per cent gelatin solution were given in thirty minutes with rather a 
remarkable response (Fig. 6). 
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The fourth patient was a volunteer who was bled 1,100 ¢.e. in eight 
minutes. Hlis response to gelatin is illustrated in the section on Acute 
Experimental Hemorrhage With Gelatin Replacement. 

In these four patients treated with gelatin, the infusions were re- 
ceived smoothly and gelatin was thought to be equal to plasma in every 
way. None of these patients had any unpleasant reactions to gelatin 
although one did to subsequently infused whole blood. In two of the 
three emergency cases, gelatin was available for use before plasma 
could be obtained from the blood bank. 
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Fig, 6.—Treatment of hemorrhagic shock with gelatin. 


Fluid Balance.—tluid balance studies were done on fourteen patients 
in whom we attempted to produce a diuresis. Thirteen of these 
patients had edema associated with low serum proteins or had ascites. 
One patient had become anuric following a_ transfusion reaction. 
Urinary output thereafter was very low in spite of glucose and plasma 
infusions and the use of diuretics. Following gelatin infusions the 
output increased progressively after each of three daily infusions until 
it was over 2,000 ¢.c. per day. He continued to have an excellent out- 
put but sueeumbed with a mounting blood urea nitrogen level. 

In patients with ascites we were not able to produce more than a 
transient diuresis and were not able to improve their symptoms. In 
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fact, several became more uncomfortable during the period when they 
were receiving gelatin. 


In patients with cardiae edema, of course, gelatin is definitely contra- 


indicated because of the patient’s inability to cope with the increased 
blood volume. 


Several patients with massive anasarea which developed terminally 


in the course of generalized carcinomatosis or lymphosarcoma showed 


a diuresis and loss of weight after receiving gelatin. Although the 


general course of these cases was unaffected, one patient, with edema so 


extensive that he could not close his hand, experienced remarkable 


temporary improvement. 


It was in two patients with nephrosis without active nephritis that 


the most striking favorable results were obtained. One, a 38-year-old 
Negro (Table V), had only ankle and facial edema but was unable 
to walk more than 100 yards before his feet became so swollen and 
painful that further activity was prevented. After each of several 
gelatin infusions of 1,000 ¢.¢., the patient had a diuresis and was able 
to walk a distance of four miles on several occasions. His ability to walk 


diminished gradually over a period of three to five days following 


infusion, a period corresponding to the disappearance time of the 


cireulating gelatin. 
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Fig. 7.—Fluid balance in the nephrotic stage of glomerulonephritis with repeated 
infusions of gelatin. 


The other nephrotic patient had a diuresis following daily gelatin 
infusions but finally rid himself of edema and lost twenty-nine pounds 
after the administration of mereupurin with gelatin. This combination 
produced a better diuresis than was obtained with either alone or with 
other intravenous solutions when he was in a comparable condition 
(Fig. 7). 

Patients with active nephritis in an edematous state apparently de- 
rive no benefit from intravenous gelatin. 
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Histologic Examination of Autopsy Material—Fourteen patients who 
had received gelatin infusions subsequently died of their respective 
diseases and autopsies were obtained on all of them. (Gelatin had been 
given from three hours to six weeks prior to death. 

The tissues of eight of these patients have been carefully examined.* 
In general the interpretations are in conformity with Rateliffe’s de- 
tailed analyses of histology of dog tissues after gelatin infusion.? There 
is no evidence of chronic liver damage with storage of gelatin in the 
liver or any other organ. All the tissue changes in the liver, kidney, 
adrenals, and lungs are apparently reversible and are similar to those 
found in the dog after infusions of gelatin or plasma. 


SUMMARY AND CONCLUSIONS 


1. Ossein gelatin especially prepared for intravenous use in 4 per 
cent and 6 per cent solutions can be administered easily and safely. 
Clinical experience with 190 infusions of gelatin totaling 132. liters 
given to 100 patients is the subject of this report. 

2. No untoward reactions attributable to gelatin per se were en- 
countered with one exception and that in a man who had previously 
reacted unfavorably to infusions of blood, plasma, glucose and saline 
solutions, 2 per cent saline, and amino acids. 

3. Following major operative procedures, the administration of gela- 
tin produces a favorable response similar to that observed with plasma 
transfusion. 

4. Nine patients given repeated infusions of gelatin at intervals of 
at least fourteen days after the previous infusion exhibited no anaphy- 
laxis. 

5. The increase in the erythrocyte sedimentation rate which follows 
the infusion of gelatin is related to the phenomenon of pseudoagglutina- 
tion of erythrocytes. No increase in clotting time was observed in 
seven patients after gelatin infusion. 

6. No bromsulphalein retention was observed after single or repeated 
infusions of gelatin solutions in seventeen patients. 

7. There is no evidence of any permanent change in renal function, as 
determined by urea clearance, after gelatin infusion even with the 
administration of large amounts to patients with pre-existing renal 
damage. 

8. Following the infusion of gelatin there is a depression of the 
serum protein concentration which cannot be accounted for by hemo- 
dilution as measured by hematocrit. The decrease involves the albumin, 
globulin, and fibrin fractions but is most marked with fibrin. There is a 
reciprocal relation between the concentration of the serum proteins 
and the cireulating gelatin, the latter disappearing from the blood 
stream in three to five days. 


*Examination by Dr. Herbert R. Ratcliffe of the Department of Pathology, School 
of Medicine, University of Pennsylvania. 
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9. Elevation of venous pressure following the infusion of gelatin 
was consistently observed. There is no apparent relationship between 
the venous pressure rise and the volume or rate of infusion. There is 
a fairly consistent correlation between the increase in venous pressure 
and the decrease in hematocrit. 

10. Cardiae output, as measured by the ballistocardiograph, was con- 
sistently increased after infusions of 750 to 1,000 ¢.c. of a 6 per cent 
gelatin solution. The increase reached a maximum three to four hours 
after infusion and returned to normal within twenty-four hours. 


11. In acute experimental hemorrhage in voluntary human subjects, 
the replacement of two-thirds of the volume of blood removed with a 
6 per cent gelatin solution corrected changes in blood pressure, venous 
pressure, pulse, stroke volume, and cardiac output secondary to blood 


loss. 

12. Gelatin solutions are effective in the treatment of at least the 
early phases of hemorrhagic shock. 

13. In certain types of edema there is a diuresis following the ad- 
ministration of gelatin solutions which is accompanied by clinical 


improvement. 

14. Further studies on the value of gelatin in shock, burns, and hypo- 
proteinemic states are clearly warranted. 

15. Histologic examination of the tissues of eight patients who died 
of their respective diseases at intervals varying from three hours to six 
weeks after receiving gelatin revealed no evidence of gelatin storage in 
the tissues or of irreversible tissue change. 


Rozanne Peters 


The authors wish to express their sincere appreciation to Miss 
and to Miss Louisa Bullitt for their invaluable assistance. 
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EFFECT OF DICUMAROL ON SUSCEPTIBILITY TO 
ACTION OF HEPARIN 


J. Wanker, M.D., anp J. Ruoaps, M.D., Pa. 
(From the Harrison Department of Surgical Research, Schools of Medicine, 
University of Pennsylvania and Surgical Service B, 

Hospital of the University of Pennsylvania) 


KPARIN acts as an antiprothrombin and in the presence of blood 

plasma as an antithrombin. Susceptibility to the action of heparin 
should be related to the amounts of prothrombin and thrombin in the 
circulation. As the thrombin is formed from the prothrombin a sub- 
stanee such as 3,3’-methylene-bis-(4-hydroxycoumarin) (dicumarol) '* 
capable of causing a drastic reduction in prothrombin might be ex- 
pected to increase susceptibility to the effect of heparin. 

In the dog, Bollman and Preston found this effect did not mate- 
rialize.2 They stated that the rate of disappearance of heparin from 
the blood and its effectiveness in decreasing coagulability of the blood 
were not materially different in dicoumarinized dogs and in normal 
animals, 

In patients, however, we have found that the effect of heparin is en- 


hanced by the administration of dicumarol when the latter is given in 
fairly liberal amounts. The expense of heparin has been one of the 
factors limiting its use, yet for many purposes heparin remains the 
drug of choice for anticoagulant therapy. A less expensive adjuvant 
permitting the use of smaller amounts of heparin in achieving an anti- 
coagulant effect would be desirable. 


A study of the synergism of these drugs has therefore been carried 
out on a considerable group of patients requiring anticoagulant therapy. 


METHODS 


Coagulation time was determined by the Lee-White technique.® 
One cubic centimeter of venous blood was placed in each of three 
corked test tubes of 8 mm. bore. Tube number one was tilted at one- 
minute intervals until blood no longer flowed up the side of the tube. 
The process was then repeated with tube number two and then with 
tube number three. The interval of time from the placing of the blood 
in the tubes to the time of coagulation in the third tube was taken as 
the coagulation time. This ranged from twelve to eighteen minutes in 
normal individuals, 

Prothrombin was determined by the method of Quick.’ The normal 
controls ranged between twelve and fifteen seconds. 


Presented at the meeting of the Society of University Surgeons, Nashville, Tenn., 
Feb. 10-12, 1944. 
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Heparin was given in divided intravenous, intramuscular or sub- 
cutaneous injections in amounts adequate to maintain an average 
coagulation time of thirty to fifty minutes (the total amount being ad- 
justed to each individual case). 

Dicumarol was administered orally, in doses of 300 mg. the first day 
and 200 mg. the second day. Thereafter, the daily dosage was regu- 
lated by daily determinations of the prothrombin time. The prothrom- 
bin concentration was kept between 20 and 30 per cent of normal. 

Three groups of patients were studied. They ranged in age from 17 
to 70 years. Their diseases included thrombophlebitis, pulmonary em- 
bolism, thromboangiitis obliterans, peripheral arterial embolism and 
thrombosis, and retinal vessel thrombosis. 
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Fig. 1.—The white columns indicate the mean increase in the venous coagulation 
time in the coumarinized patient following the intramuscular injection of 5,000 To- 
ronto units of heparin. 


Group 1 consisted of thirty-one patients who received heparin and 
dicumarol simultaneously for a period of two to three weeks. Heparin 
was usually given intramuscularly because of a slow even rate of ab- 
sorption. Clotting times were observed at the beginning of treatment 
after the injection of a fixed dose of heparin and then after the patient 
had been coumarinized the response to a second dose of heparin was 
measured. 

Group 2 consisted of ten patients who received only heparin for the 
same period of time. Again coagulation times were observed after 
injection of a test dose of heparin at the beginning and end of treatment. 

Group 3 was comprised of four patients who received only dicumarol 
over their period of treatment. Coagulation time was again observed 
after test doses of heparin at the beginning and end of the treatment 


period. 
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DATA 


In the first group there was a definite increase in the susceptibility 
to heparin action in the coumarinized patient (Table I). The coagula- 
tion time was elevated to a greater extent and for a longer period of 
time as shown graphically in Fig. 1. In general the coagulability of 
venous blood had returned to normal in the noncoumarinized indi- 
vidual within two to two and one-half hours after an intramuscular 
injection of 5 ¢.¢. of heparin (5,000 Toronto units). In the coumarinized 
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individual with a prothrombin level of 20 to 30 per cent of normal, 
the coagulation time did not return to normal until six to eight hours 
after injection of the same dose of heparin. Approximately 40 ¢.c. of 
heparin (by the intramuscular route) would be required in the non- 
coumarinized individual to maintain the coagulation time around an 
average of thirty minutes for a twenty-four-hour period. In the cou- 
marinized individual with a prothrombin time of 20 to 30 per cent of 
normal, the same effeet was achieved with 15 to 20 ¢.¢. of heparin. 

There was a slight elevation of coagulation time in the coumarinized 
individual. This increase was seldom beyond the upper limits of nor- 
mal unless the prothrombin concentration was reduced below 5 per 
cent of normal. 

In the control Group 2 it will be seen that the effect of the test dose 
of heparin was essentially the same at the beginning and end of treat- 
ment (Table Il). The base line coagulation time was increased very 
slightly if heparin was administered over a three-week period or longer, 
but this had no effect on the reaction to the test dose of heparin. Base 
line prothrombin times were unaltered. There was a slight increase 
in the prothrombin time immediately after an injection of heparin but 
this was of very short duration. However, intense heparinization showed 
a considerable effect on the prothrombin time. The twenty-four-hour 
heparin requirements of this group were essentially the same at the 
end of treatment as at the beginning, Le., about 40 ¢.¢. (by the intra- 
muscular route). 

Group 3 would indicate that the increased sensitivity to heparin is 
the result of dicumarol administration alone and is not due to the 
simultaneous administration of heparin and dicumarol over a long 
period of time (Table III). Patients showed the same increase in sen- 
sitivity and decrease in twenty-four-hour requirements as the patients 
in Group 1. 

TABLE IT 


BEGINNING THERAPY ENDING THERAPY 
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SUMMARY OF DATA 


The results obtained indicate that when the prothrombin time is de- 
pressed to 20 to 30 per cent of normal by the oral administration of 
dicumarol, considerably greater effect is observed in a patient given 
a parenteral dose of heparin than in the noncoumarinized individual. 
Less heparin is needed to produce a given effect in the coumarinized 
than in the noncoumarinized individual (Fig. 1). Averaging the ob- 
servations made, only one-half to one-third the amount of heparin was 
required when dicumarol was used. 


DISCUSSION 


In a previous communication with Panzer* we pointed out that the 
effects of heparin and 3,3’-methylene-bis-(4-hydroxycoumarin ) were com- 
plementary.* 

Heparin is found in animal tissues and was discovered to be the 
cause of the decreased coagulability of the blood in peptone shock.® 7° 
Heparin was finally isolated in form pure enough for administration 
to human beings in 1933, by Charles and Scott.'' The substance is 


active only when given parenterally and takes effect immediately on 
entering the blood stream. The effect is short in duration in vivo 
although somewhat longer in vitro. Action is mainly on the coagula- 
tion time, by virtue of being an antithrombin as well as an antipro- 
thrombin. Parenteral administration of protamine counteracts the 
effects of heparin. Despite recent advances in methods of manufae- 
ture, heparin remains relatively expensive. 


Dicumarol was discovered to be the active principle in spoiled sweet 
clover hay which caused ‘‘sweet clover’’ disease in cattle.* It is a 
white crystalline substance which is active when given orally and may 
also be given parenterally. Dicumarol reduced the effective concen- 
traction of prothrombin. The effect is only evident twenty-four to 
forty-eight hours after administration and lasts for three or more days. 
Diecumarol is only active in vivo. The best antidote to its action is the 
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transfusion of fresh whole blood. Dicumarol is not on the market, but 
its manufacture is said to be inexpensive. 

We are not yet certain that coumarin can supplant heparin in the 
prevention of thrombosis in man. In spite of the ingenious experi- 
ments of Bingham, Meyer, and Pohle,'? and those of Bollman and 
Preston,’ it is difficult to feel the same confidence in an anticoagulant 
that affects the prothrombin time as in one that affects venous coagu- 
lation time. The elinical reports, especially that of Barker, Allen, and 
Waugh,’* have convincingly established its value in the prophylaxis of 
postoperative embolism. Probably it cannot supplant heparin for cer- 
tain purposes. In the treatment of pulmonary embolism, prevention of 
propagation of the clot is of primary importance. The action of dicu- 
marol is too slow. An agent is needed which will render the blood 
practically incoagulable at once. For this purpose an injection of 3,000 
to 5,000 Toronto units of heparin intravenously (undiluted) is ideal. 
The same is true in many other types of embolism and thrombosis. 

In vascular surgery it is advantageous to work in a field in which 
the coagulability of blood is normal and yet be able to reduce its 
coagulability sharply to prevent thrombosis as soon as the vascular 
tree is repaired. In this clinic heparin has been used repeatedly imme- 
diately following embolectomy for peripheral embolism‘ 

The current technique of anticoagulant therapy on Service B at the 
Hospital of the University of Pennsylvania may be described as follows: 

An initial dose of heparin is given intravenously. At the same time 
300 mg. of dicumarol are given orally. Additional heparin is given by 
a continuous intravenous drip or intramuscular injection every six 
hours. If the intramuscular route is chosen it is wise to select a prep- 
aration that does not contain an irritating preservative. Two hundred 
milligrams of dicumarol are given the second day and dosage is con- 
trolled thereafter by daily determination of the prothrombin time. 

The dose of heparin usually approximates 15,000 to 20,000 units per 
day. It is adjusted to maintain a coagulation time of thirty to sixty 
minutes in patients with embolism. In patients requiring less drastic 
therapy or in whom there is serious danger of hemorrhage, the dose 
is reduced so that coagulation time is maintained at lower limits. This 
regime is usually continued for ten to fourteen days. The continuous 
use of dicumarol for over three weeks has sometimes been followed by 
hemorrhagie phenomena even though the prothrombin level is no lower 
than usual. 

CONCLUSIONS 


In man, administration of 3,3’-methylene-bis-(4-hydroxycoumarin) in 


amounts sufficient to reduce the plasma prothrombin concentration to 
20 to 30 per cent of normal increases the sensitivity of the individual 


to heparin, 
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The synergism of the two drugs may be used to reduce the amount 
of heparin needed. Intramuscular administration of heparin is made 
practical, allowing a prolonged, evenly maintained increase in blood 
coagulation time. The inconvenience of maintaining a continuous in- 
travenous drip is avoided. 

When combined therapy is used, care should be exercised to avoid 
extreme anticoagulant effects which might result in hemorrhage. 
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Erratum 


On pages 408 and 409 of the March, 1944, issue of the JourRNAL in the 
article ‘‘The Use of Phlebography and Lumbar Sympathetic Bloek in 
the Diagnosis of Venospasm of the Lower Extremities’’ by E. M. Papper. 
M.D., and Allison E. Imler, M.D., Palm Springs, Calif., Fig. 7B and 
Fig. 8 should be interchanged. 
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Editorial 


The Society of University Surgeons 


HE widespread changes in the resident staff organizations of the 

hospitals of this country, necessitated by the war, have profoundly 
affected postgraduate training in surgery. The resident system, prior 
to the war, was regarded as a ‘‘royal road’’ to surgery. This program 
provided for an internship to be followed by periods in research work, 
as surgical pathologist, assistant resident, and finally resident surgeon. 
In the latter capacity the aspirant had the responsibilities of a service 
of his own and acquired not a little operative experience. There was, 
and probably still is, a question in some quarters as to the merits of this 
system—certainly it is not the only scheme for the adequate training of 
surgeons. However, the resident system does provide for a broad and 
definite program and the number of those seeking such training was al- 
ways considerably greater than the number of posts available. During 
the prewar years the resident system was becoming more widely adopted 
as time went by. 

The problems of the future are such that a rapid return to the prewar 
systems and programs of education, and training ean hardly be 
envisaged. Those in the Armed Forees desiring further training will 
receive special consideration and the programs in teaching centers will 
have to be modified again to meet these conditions making adjustments 
for the different age groups and for previous experience. Emphasis 
will have to be placed upon condensation of training, not at the under- 
graduate level as is the case at present but at the postgraduate level, 
which now receives little attention. It appears, therefore, that the long 
periods of resident training may not be easily reinstituted and indeed 
this may not be possible for a long time. 

The Society of University Surgeons was founded in 19388 and one of 
its principal objectives was the ‘‘development of methods of graduate 
teaching of surgery with particular reference to the resident system.”’ 
Its membership is composed of exresidents who are actively engaged in 
the teaching of surgery. The majority of this group, however, are now 
in military service but they remain keenly interested in the problems of 
surgical training. It is hoped that their experiences during this war 
will find expression in some way at the proper time, and that these 
experiences may be given due consideration in the formulation of plans 
for the training of surgeons in the future. 


—Alerander Brunschwig, M.D. 


Chicago, Ll. 
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Review of Recent Meetings 


MEETING OF THE SOCIETY OF UNIVERSITY SURGEONS 
CLARENCE DENNIS, M.D., MINNEAPOLIS, MINN. 


HE annual meeting of the Society of University Surgeons was held in Nash- 

ville, Tenn., Feb. 10, 11, and 12, 1944. The Society members were the guests 
of the Vanderbilt Hospital group and were very cordially entertained. 

On the morning of the first day of the meeting, a series of papers was pre- 
sented by members of the staff at Vanderbilt University. The group was wel- 
comed by Dean W. 8S. Leathers, who made a plea that members of the organization 
take a more active part in the formation of legislation to be anticipated in the 
near future having a bearing on the practice of medicine. G. John Buddingh 
gave a presentation on a type of ratbite fever on which he is making studies. 
G. Sidney McClellan spoke concerning experiences with continuous caudal anes- 
thesia in obstetrics and gynecology. He seemed to be particularly impressed with 
lack of evidence of asphyxia in the newborn infant when such type of anesthesia 
was used. The blood loss apparently was less under these circumstances also. 
James Ward made a very interesting presentation on the effects of rapid com- 
pression waves on animals partially and completely submerged in water. J. K. 
David, Jr., spoke about splenectomy in hemolytic anemia in infancy. He stressed 
that determination of increases in serum hemoglobin by the use of a benzidine 
quantitative test seemed to be a very sensitive means of diagnosing the condition 
and presented the case of an infant who presented a high serum hemoglobin level 
and a normal fragility test. The infant was cured by splenectomy. A. 8S. Minot 
discussed the chemistry and clinical applications of the serum tocopherols in mus- 
cular dystrophy, presenting some reasons for the elinical failure of vitamin 
therapy. M. T. Bush talked about flavicin, an antibacterial substance from Asper- 
gillus flavus. The isolation of this material is similar to that of penicillin. It is 
toxic to animals, but the toxic factor apparently can be separated from the flavicin. 
This material apparently offers complete protection of mice against the pneumo- 
coccus and is about one-fourth as active as the most active preparations of peni- 
cillin. Paul Hahn discussed the use of radioactive isotopes in medicine, spending 
considerable time on studies on the absorption and utilization of ferrous iron as 
ugainst ferric iron. He showed that ferrous iron is two or three times as much 
absorbed as ferrie iron in the iron deficiency anemias; and the utilization, there- 
fore, is much more quick and effective. George R. Meneely discussed the labo- 
ratory evaluation of pulmonary function. He stressed the value of a knowledge 
of the ‘‘breathing reserve’’ which is the difference between the vital capacity 
and the tidal air at rest. Smiley Blanton talked about the relation of psychiatry 
to surgery, giving several examples of cases in which an alert attitude as far as 
the psychiatric status of the patient was concerned was very helpful. W. F. 
Meacham presented a paper on intrathecal penicillin therapy of experimental 
staphylococcal and pneumococcal meningitis. The study was undertaken because 
of the finding that penicillin given intramuscularly or intravenously reaches the 
spinal fluid in much lower concentration than is found in the blood stream. The 
studies indicated that some value was derived from intrathecal administration of 
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the drug. William Frye presented a very interesting talk and colored pictures 
concerning the problems of medical care in Central America. 


At the afternoon meeting, February 10, two papers were presented which do 
not appear in this issue of the JouRNAL. The first of these was by Alexander 
Brunschwig, of the University of Chicago, on extending the surgical attack upon 
cancer of the colon. Brunschwig presented several cases in which radical surgery 
involving removal of other viscera such as segments of small intestine, dome of 
bladder, uterus, kidney, ete., was accomplished. Discussion of the paper by mem- 
bers of the group indicated that the general impression is that such extensive 
surgery is well worth while in cancers of the colon. 

Lieutenant Colonel D. Henry Poer, of Atlanta, Ga., presented a case of primary 
adenocarcinoma of the appendix arising near the base of the organ with secondary 
acute appendicitis apparently on the basis of obstruction by the tumor. 

On Friday morning, February 11, several papers were presented which will not 
appear in this issue of the JoURNAL. One by John T. Reynolds of Chicago con- 
cerned embolic occlusion of peripheral arteries. On the basis of the results in a 
series of cases, Reynolds coneluded that the patient should be given heparin imme- 
diately in event of sueh embolic occlusion. In the lower extremity he had some 
success with operating upon the heparinized patient in the inguinal region, ex- 
tricating the clots by instrumentation of the artery as exposed and opened. He 
wished particularly to warn against the use of sympathetic block in arterial oc- 
clusions of the lower extremity because of the risk of passage of the emboli to 
lower vessels which could not be easily reached. Embolectomy should be done 
as soon after embolic occlusion has occurred as is possible. In the shoulder, on 
the other hand, the combination of heparin and sympathetic block appears to be 
in order because of the good collateral circulation available. In the discussion of 
this paper Jonathan Rhoads stated that Ravdin has devised an instrument like a 
corkscrew on the end of a long slender rod which can be passed up the iliae artery 
for the purpose of grasping and withdrawing emboli. Barney Brooks pointed out 
that it is of great importance to keep the extremity constantly moving postopera- 
tively to avoid thrombosis of collateral vessels. In answer to questions, Reynolds 
stated that he had no trouble with postoperative bleeding even though operation 
was done on heparinized patients. 

William J. German and Bernard S. Brody discussed compound craniocerebral 
injuries. 

Papers presented by H. P. Jenkins and J. G. Allen and by K. W. Thompson, 
J. S. Horsfall, and G. A. Zentmeyer are being published in full elsewhere, and 
are therefore not abstracted here. 


Throughout the meetings the Nashville group was most cordial to the members 
of the society, and we would like to express once again our appreciation of the 
hospitality shown us. 
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tions made during the past twenty years on something over 1500 per- 
sonally treated cases of epithelial malignancy arising in or about the face 
and mouth will be of some help, when help is most needed, to the men who 
first see these cases and who bear the great responsibility of deciding what 
shall be done at a time when it is most likely that something worth while 


ean be done. 
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authors in the treatment of the cases discussed. The cases include those 
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of technic. 
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